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20605 Val l ey G e METHOD ANDEAPPARATUSI FORNLOCATING® 20DIGIDALL ed St ates
of Anmerica, dodENTRONTHANNEDIN A'RADIOCONMMUNICATION SYSTEMat a
patent nay be granted to us, and the nmethod by which it is to be perforned,
to be 5 particularly described in and by the follow ng statenent:

5 : This invention relates to a multiprocessor conputer systemin

whi ch i nterconnected pro o oduyl e nul tiprocessing

(paral l el processing in separ &es Bdddd if—’ﬁ‘* dul es) and

nul ti pgogr anm SHE SR rasa0giikiey

This i ﬁventl on"i‘?eepi tggﬁljgartl c%u%ﬁiﬁ i% gaﬁsd;glst em %o??ﬁﬁlggnz suppgre% .I{l\I gh

t ransact i Methodt fos CommiGnicatangoin a)Wﬂeless Commufiastion Systeni™ filed oh no singl e
conponent failure can_stop or contam nate, 10 t he operation of the
system Novembernlri993; ts ingerporated hemgdYoredereRteen require on-1ine processing
of large volunes of data at hi gh transaction rates. For exanple, such
processing is required in retail applications for aut omat ed poi nt of
sale, inventory and credit transacBAGQKGROUNB financial institutions for
15 automated funds transfer and credit transactions.

15 10 |n c%?h@arqsm} igpentoncrelassgeaerallyite fR‘ihﬂ‘éPf’i"F“’i“?‘Nﬁ‘pﬂﬁ‘FﬁﬁthaVHRd often

critical R e of an
on-1line c%(;n'%%:ler system ca omﬁ&m%tﬁgo&%%dr?f&iﬁf %ﬁﬁmé‘ i lkg{l

busi ness gl sygemsause consi derable | oss of data and noney. Thus, an
on-line systemof this kind nust provide not only sufficient conputing
power to 20 mep@orﬁmmlcpu@n SYHeIng bi‘feoﬁﬁ%dl?@‘aﬂi& h@%éﬂ@?&m ﬂﬁﬁ%ﬂgh?, but it

o ocess: nHE s B RAefhmefRaton syRBR HobRle el PolBUR Sl ©

conpongnt d&figriefetoSseafchMoravdys-in which s%mcami@mlbeumememmuelther in a
fail-safe node (in which no | oss of .throughput occurs as a result of

failure) mmduringomamunicasion quality anmwnwmﬁelemmowe PBe mav ipull 25

proceSSI n%ﬁlﬁ%tpabl hd tl es 3 e%%‘?[’ )‘ﬁ bglcixgx?%ﬁ%f@{%%aho% C‘?\gl% uch that a

fal | ure otoRmuhitatién techmgﬁ@s{mm%hcﬁﬂz@ﬁl:a ,QBRtcAERGW S inkiRei@BE@byON Of the
system The system shoul

pr ovi aul t-tol erant conputi For
faul t -t ol tapsitoring fwm ﬁr@ analoge AMRS system ft@ 2| digitad sysiera KB- Eﬁasam ich is shoul d
ei t her e corre@teﬁ ? Aé:ally, or if the failure or error cannot be
corre it should be detected, or if it cannot be

det ect ed it shgitlcd d n%umeﬂbmchavﬁfg eqmpméﬂb@tdt@p&ﬁtedbmlpai thet drfalbgt O

contam nate the rest of the system Since, a s:aa‘?l e processor rmdul e
can fail , domainsexigied prigr ththe xatrg%quemmeﬁalmmqap% -mode (gpalogand

AL T Tt e S N

t her ef or e iifRIef WIR diital BEémARnidAtoR TaFUbILILHO mbrtexmplef @tie ISOSUB Btasdardpt i bl e
operation. However, the use of nobre than one processor nodule in a

syst erdXdo@sovidsas foy bothsasialograns, digitabirafiiciehannels, |v¢heé¢m %ﬁﬁﬁm gperatascan

ai lure, AePHgt3maios o, BaBils BB ERATHIORE hiielsf ahd Bk VB e (0"

fol I ow. gnamlc%ﬂm& &) dcconrhedite TREwALN V%uafﬁc pirgtns\aehongRanalogadgadipitaln

oriented, Conputing applica--40 tions i ch nust operate w thout
i nt errupt iuserst herefore require nultiprocessors as a 40 starting

o fictent 1% agfdom e er ERaRls, ORIt AINERs pl8iprlrie Spapdt
suffi %@n%hﬁrﬁﬂfb WhiRASaré @Sedftr tdriiecall SérapTlata messades bbiweek bask fitorgrandent ed a

nunber, of problens in the prior art. The:prior ~art ggproach “t0

uni nt er r upnehiledéationpr msdmg tm&%—SﬁBo&ymp@ee rﬁb;qrmaregﬂhdeﬁgat analgg | i nes
- either %grall rct)lI é}%nne\ﬁD whicH' 2 lsfg h&f 1o ERLP l’r’e&t@n&es ?&n&rcﬁ‘lof R ROgf gomputers

for 45
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2

i nterconnecting a pl H'ﬂl”l ﬂll conputers to provide nultiprocessing
capabi | i W6s/12936 i ase, adapting two |ar gecrwsedsidshe c
general purpose conmputers for joint operation, one conventional prior

art appreach has been to have the two conputers share a 5 comon nenory.
Now in this type of nultiprocessing systema failure in the shared 5
menory can stop the entire system Shargd nenory al so presents a nunber of
ot her probl ens includi ng sequenci ng accesses to the common nenory. -

. Thi's syst@mierdhi Tifese analofehtrolchanfel9ire! iBendctiedivaey" sinoelttieyars alvays

uni nterrupti bl e processi.ng, does not neet a of the sufficient

|1 f
condi t i ontound @t the samet firequeneyeandy therefore s diergadilysioeated by ithiymobilge gener al

pur pose c ut er,s ,ar i .. 10 | ach conputer is
constr uct%ﬁﬁ‘é vg’l%ﬂ%ﬁhﬁs@mﬁﬁ eﬁmﬁﬁgﬁ%:#%mgﬁs@nem s (i1 ncluding
t he packagi ng, Féféxagfpi.i whenSinsthe idle &tate {i.a1) ' @inddcondbiitiriot af ask)cachobile tine

anot her processor is added to the system even though many of the duplicated
conpon®nt gationeinras IS-34R system tures to armh ghegt qeatnyauskyr memitors Bier SeppBest using a

plurality_o e ut ers ha in ¢ wth 1 h roach of
using | ar‘boé'hgg ﬁ@ﬂ&%@é"é"‘b@ﬁé‘tﬁ“& %WGM@PEBHméla&at&ggg b

havi ng t owRRARKe thobAERIALA 3¢ I02ERd lat Hat RRIMEAS and AP FREiVe lob Fhiti@I£ never
originally constructed to provide such a linK. The required |inks

were, as telephend call theough the earresponding thase staton. hWhen gnoving betweer Gelimel .
Connecti ons.,t hr gu t he i pput/.opt put channel e.e0 . necessarily sl qwer

t han int eYyﬁ%ﬂ’ 1% ﬁ‘sﬂg'ﬁeﬁ@%ﬁ@ H??P'fet%a%ﬁflo S%vgptu?{l% eﬁfe, ?ﬁﬁ) %‘ffc?ﬁc?%t Zt B.\;oc es-
20 10 SeUntrol BlnnBRYLtHe TAET GllCarid Rié € the'cdhabl dtahiel Uf ¢ FidweT glRCessor
conmuni cat i on. Furt hernore, the interprocessor connections required

speci al afegpinitial suning to.hand the ghange of, cenird channehareybotiy agaemplisked of t he
overall system.and.that i.ntr ced the,possihili.ty of single. . conmponent
Pai | ur es BRI Shatifk Al 1S Eutl SabeRA il Yoy isiBicBissde 1 ko and
25 adapt gferfifgndm the cél‘l@b.ldsﬁféﬂblt&ﬁﬁd @le ekt oRtroSEAEhG. CWRBPARBRO!f ai | ures
I ncreased the overall 25 system cost even nore substantially.

Provi di ngchana¢! withgeod neteptierpquality is found,cthemabilaistation sersains tunegdodhial | y
becang_ver cunber sonme_and quite, c ex fromthe standpoint of

oper atf onchannel unel M FRY fe @il gedinn cbhisonainet, a4l GoBIE SRR Hhe vay i n
whi ch conﬁiﬁgtyggﬂﬁ%%\g?‘%w &pﬂ%osgls@ﬁ{_l pheral devices.

&w
30 of peri pher devices are connected to a single
i nput / out put bAs sudh byhrid systenmps matiss, dt is antigipatetd |thasrtbe esmber ofjanzing werh t hat

' fails., .th h ' |, devi c M) Ll abl e t
Phe-syst eHIEgRinish g he Aembes PLERRsbBS B nernsen  Exenpily o Ele ™ © *°
| Nt er pr oC&myGY trﬁﬁi%r@ﬁhhﬁf' Wil p?(ﬂﬂb t RIpRACES BY digdital BaficSchannds.| Whdierngy St em

35 To avoid this problem "the or “art has provided an Input/output bus
swi t cROf ooccugh less expensier digitzicartly mpbilemnits cant reptace thesasrentd duaiemodenued

per | pher oo, REBE sy SictERREAIE Fobil D U DI o firganlog ' puc
swi tches Eahl RRSTheR¥ARRMIY Dravided b he T8V5ABNYSIRANt €d the possibility of
single component faildre which could down a substantial part of the

overal | systemAcadrdinglyribis diisirgble 46 previde digitalt doatrpl channels to mul ti processor

20 . Bap e B symon R e welREIAL AL o
nonexizst ey 1WHBY cinsAUiiéh © coitbaliBitty HOVAl BRI droP dnal akd AkgCeSSOr

systens, i '

]
quite often was restructed to a small nunber of processors
and was ndesimablepioe otifepreashes described inthe 3bove-idantified applitationo ferssxample am nany

it i.th odi fy,. th ti 45 . t t
Erap g W LA T LSO W NC £
an ex P ’iﬁ?é\)i&(;ﬁéﬁ&t&i%b%ﬁ@ ERhrmER" ﬁfco!ré’ﬂfxibili_ty is destbIPi %si%?{iﬂg fiecked a

satisfactory stan operating systemfor [inki'ng processors al so
di d not pnembetrcofaconined charninaly anydshe frefuencies tfonthesecedni! aianoeisud aipiimgze

addi tianal 50 rocessqrs in a | ti.processing system constructed to

= comDarE R SERE U 10 SHPRaTL el 6 i RY L E o nGometl, e

conput eri g@, PEVVBOwENRE, ﬂﬁfdigiiﬁ‘éontrol channels areAfot ctedBny kiidwh ReqQieaties,

i nvention provides a nultiprocessor systemin which separate pr ocessor
nodul es operate concurrently and cooperatively for systemcontrol and

4 application processing, said nultiprocessor system conprising a
plurality of separate 55 processor nodul es, each processor nodul e

conprising a central processing unit, a separate 55 main read wite
word addressabl e nenory having sufficient capacity for the storage of

e . o - - I o . N
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3 us and each interprocessor control neans
f ol gdet ewoigsiipapet he dat a tranPBYESINNZMS t he
i.nterprocessor bus a ing transm ssions over the

I nterprogcessqr bus, sal d bus cont roI | er means including arbitration neans
faor centrally arbitrating the priority of said data
transfers and bus cl ock generator neans3f-or controlling 5 the
ti me sequence of data transfer by a processor nodul e over the

i Nt er pr oce yaestidrsarises 8s to how the remote units Wil berebletdbloditeginse sbntrole present

i nvention every nmajor conponent is nodul arized so t hat any
maj or conghenesis feramonitorivgroved or repl aced without stopping the system

Addi tional l'y, bhe cgwae%ﬁghﬂ%dﬁkéﬂ‘rﬁﬁ} Qg?ﬂ% uSedInPEGrobE! {cﬂlﬂn Bofrezont al I'y

by the additio processor dul’es or in nost

cases vergEnalik wirbady &t aBdigital eysterh. ﬂarthtsl‘@stam the moblle unit 5inplyscanses)

wi thout systeminterruption or nodifigcatjon ha,r ﬁOf ti/vaﬁ_g

I n oneSspéroughrleabiiei avereble chamelsyntl dtident ’(g “§'@E)8 e Eessor
modul es oy %4,1“.1 g@é}ﬁ&ﬁgms% leWo?@?&@rﬁ?ﬂﬁng?Ilﬁ&E dfEiter B OCeSST ng

and nul t ment each

processor ciFnafisls. e Mofepoér, the! problens of dlmaung acdigital @bheolschamcl aftac ball
device control | er can control up to eig eri pheral devi ces,

15
Ml tiple, termuepemewsacgmmm)tbmd@ﬁswétmbl its Shatgneyecfromfrilde sellet ween

Il i
o o)1 i et et e BRGSO BBy 10 Eole 11 1S

and bqnma&nﬁéloﬁﬁﬁmfhm)d&rﬁﬁmﬁiﬂ@h figher e cdktvi ces over at Ieast t wo
paths and also to insure that a single failure will not stop system

operati on. These nmul ti pl e conmuni cati on paths incl ude
mul tiple interprocessor busses int e%“%{e— 20 necting each of the
processor nodules, multiports in ea controller, and 20

i NpUt/ out put  byRERSAAARAEC diaMbaBaCihddeMitaors Wficonvdntiondl Y stems and nisthads
| east two different - processor nodul es, Each

pr ocessor arepakereomeacdording o thii passent iinveation avhernin digdal centeph ghannel udes as
part nodul e. a_cent. pr ssi.n

menor 35 al?cﬁﬂ?'bfsp?’i?ggg%f’y ,Cf?ﬁteggqnpgnareasﬁnﬁ%g eedreh P 81 ##&EJW our{aazl"tVe
channel . jixelihood of ﬁndm%a digital control channel on a particular channel or group of

25 rocessor nodul e has a pipelined m croprocessor
oper at ed blyanmelsramdrmbvﬁutg digital control channel locatiorj Iméornption £#5 atherghapnels.
instruction set in each %ocgssor

| nst ructi on setACATGREIP Yoy F’éts Pgé}be Presd "f‘f?@n?réc%;la&ﬁg?g{ ere is

‘ to probAtERRT KI6A&SWRick Wﬁn @a@rdanag withntle Wlativean
addl ti onalgmuPe‘(j:elgg(?r rmduﬁe i s added t the system the

oper at2thg hkylsltcmd\ dffinding thef digitaltontrol ﬁmei in eagh qukoo@wlemma@) thew 30

i nf ormed Hg@é W, resource i s av k"glhﬁ rqa% @Q‘gﬁ fh@fwf i sting

oper at i ng 1g1ta1 control channel"

system hag, gweeo&'}(] h%ﬁéh"ﬁhﬁed robability block and so oROuAHIC Gi2REl GALLPERRMEE and
t o mai nt ai very transaction rdates each pr OCESSOI’

nodul e i ndsd lodateda second m croprocessor which is dedicated to input/output
oper ati ons. . 35 A dual port.acces o_the main nenory by both
the central prdeeouding tq qther &ﬁﬁ“&ﬂ'@’ g@éod’meng of é‘e present YERtoRy 1+ put
channejs p%ﬂp&ﬁn&l Ehfbe PRIRAS GIF 6@F cﬁ@fnetsh&xdhrustﬁ-ifﬁutcﬁmnelsrwaﬁfgs to al so
i ncrease performance. Each processor nodule in this case
i s physi ca:bht;robdmnnelu,cwhtbhtpmlits tthﬁ)moéllmsﬁﬂﬁmm APapiular channel on which a of

o e Wi Rl fnaRaR e net o oB Lespl BEMASRR B R gl
| engt h of &’FGO‘ {Ha‘ﬁpar ?\%Sﬂfungu%rtﬁfi%z{)ﬁ%e i’&anon process is expedlte& Qvhen

i nt erconnec e processor nodul’es. A relatively short
i nt er pr oc epamardduwith sequential channel seatching. zes the deteri or ation of the

signals_on the interproces us and,perm.t h of
commun?@at i on d%%‘?“‘i‘ﬁ% t?ﬁf‘ﬁ%?‘ﬁ%‘e%&@ £mbo imertd'of BE present inugntion, a

i Nt er pr ocesshile BHP cird redeive ARfotRAAGN a6 IR RBfrdl hakiitl Fcatioh Zariay ealpead in
45 interprocessor conmunications and to enable the systemto achieve high

t hr oughputterminasion. 5 this way, the mobile unit neehotaiepedt ke praaessoifi teyingrémi t or s

.

-

all transm ssions over the bus. The bus controller i ncl udes
processor select logic for determning the priority of data transfer
bet ween any two processor nodul es over the interprocessor

bus. The bus control I er aI so |ncI udes bus control state

T T o o Y o I o



transfers bet ween par?ﬁ‘~ @a&e}ﬂaard nodul es can be interl eaved on an
appar ent I’ us basi s. Because in
t hi s+ enh®@i 9582936t he | bus oper at es asynchr onBGEUSIAA8 cach
particul ar central pr ocessr ng un each inqueue and out queue buffer is
cl ocked i ther by 65 the processor nodul e or by the bus controller, but
not by both simnultareously. 65 4

1 588 803 -4- 4 Each

i nqueue buffer out gueu uf th r fore, has Cl with it in the
i nterpr oc‘?ﬁ%’ﬁ?‘""cy e ‘?’B‘G’IEEB gartedqgg @%@F&HMFHWWW he bus
cl ock and, piReL particularly usf,ﬁlg L&sxhﬁﬁbnsoﬂﬁét%ttﬁé Mdﬁllﬁmﬂ(i@'aﬁw\bélhdﬁﬂﬂﬁr

central processtng unr Logic 1 nterlocks qualify certain
‘transitiqghRecail. the logic fromone state to another state to prevent |oss of
dat a 5 in transfers between the asynchronous interprocessor buses and
processor nodul e. The logic is also arranged so that in the
event & processor m)du@@' MMME@ERAWEFGS w Il be no
transient effect on th& T hter processor DUSES because e processor nodul e
is | Diss fogegodng, raJid otfidre opjectsy featnrefoand zdvanlagemﬁ)thesmcsemrmdul e on

an i nterprocessor, bus wl herefore sr.u a ot her
i nterpr odé%%‘ﬁ’r‘mtﬂr‘él becmogs Wdﬂy undqgetoo UPPR rgagding ‘gﬁtfg]kﬂ ﬁglgd

i nter pro t‘{SﬁL““‘a{“"Wm ‘“E‘afmﬁg{ Wn?g#he coact to perform 10
all inter pro essor ra

managenent 1n p Wi th processing by the
central procesBigags i(a) - 1(d) arambles vanich steiw exerplanyprobabilitytblock schemegssi ng

power. This bus nmanagenent.is performed with | ow protocol

over h&@d 3cRoRding to the Prgseat iRVERHAMS\y | nt er pr ocessor bus cycles to establish a
bus Al fcBfflny s
processor m)duflgar S @ége‘fs\t/%eta{l%{%s%@pa atr vg to g%am)g'nt of HW

i nf or nat i the preseainvgntiongns mi tted The
processor select | ogi ¢c.of the bus controller i.ncl ud n |nd|vrdual sel ect
line which  Figure Z(byilustates o comventiongh gmé tall@gplc to each
processor L I r fgﬂ?/l in the
prot ocol of eg#ggfeﬂ% ﬁﬁlﬁ%@%n e’k%érpgfag Hé Ooongpl()%ﬂéhgé%lrﬁ& gts and

a timsf rm@rdﬁlggftdme@égm @fvehtidmr mat i on over the i nt er processor bus

bet ween t he 20 sender-receiver E-l')l' The select lines are used (1) in
pol ling to detEigHn(dmitlesiaisran &ema dgwnlink digital cqpirel charge! slelifarmatant s

to send, %éordt Eoeﬁlﬁé)%&qtﬁrﬂl h&l&}ll re of a receiver processor nodule

whet her t processor 'modul e wants to receive, and (3) in

conbi nation wi Figuge 3 is a flow chaemiichatepivtgiant exdngilarlyethed émrlopatinges sor
nodul e know the tine frane for sendi ng The recei ver processor
modul e i ndighilscopireb channgliagcrrding i gler@%m/@"?% ng data 25

mecr 8t on, Bigife AEYR ¥ SbigSRRRMAIRTM! Bk hlGle Bt dtBlfne

of pr ocesgothe Peebehetvaritbor;r ansmi tted over t he |nterprocessor bus
in packets. At_the end of each packet transfer tpe i nt.er processaor,

control of a rEtger%(b)mi a&lgsa\rhl%&lyﬁt@%gr eairy of thedabla o Figure 46 inhe

i nter procﬁ%?@{l%&ﬁ’s : permt the bus control state logic to
establ i sh™another’ sequence of a different sender- 30 recei ver pair of
processor noduFigurafds a tﬂocﬂedxﬁgmrreoﬁ ar exemiplary radipaokehurticaon fsgsteinet ween

30 t he other pair of sender-receiver processor nodul es. Thus, as
not ed 28bodcsordieg & He Iéf&%eéi“ invention.  p| ock transfers between different
sender-recei ver pairs of processor nodules can therefore be
interl eaved on the interprocessor bus on an apparently simnultaneous basis
because of the fastQ)E'EAIIcEDrDmCRIPTIm\Ti nt er processor bus as
conpared to the sl ower nory speed of the processor npdul es.

35 AEé@ﬁl%r@cﬁi@ awmhoelm@m@ Frpérseereeveru@@parm buffer for

cech corolealngl o et e oBRISE RTINS Sohedh nOUELRNGTIPE 20

di r ec3ongdighabednt®! channel by th@lﬁiobzlé s@tivran i nter pr ocessor bus to a specified
| ocation in a related buffer in the nenory of a . recei ver, processor

nmodul e. Each biPsetechaiqre whigh &2t bg sesto 3 lB‘EFsmPE'(lfel‘\/@{c&B}ge fog & 4igitddni ch
40 tored
and the n{Ab t:éoﬁ%g%ﬂeﬁ]% Iohgroﬁg‘tﬁ@ﬁ&xe pef?:‘?qge"g&flr omt e sengﬁhla%er g%eélggf e

nodul e. The bus receive table entry is updated by firmmvare in the
processor nodule after the - receipt of each packet and is effective with
t he firmvare either to provide a programinterrupt when. the

entrre data bl ock has been 45 successfully received or to provide an

o M Y o



55 rates, to rraxi"m“z_éwt“hrOu]gh&)ﬁtl and to mninize interference with

. . . (2= epac'
prograns runni ng i NTHidgheet processor nodul es. As
not ed alWwo®ds/12936h prC \ I“Li ncl udes in this enbodPCEMISI412648
ni cr opr ocessor _ ' edi cated to input/output operations.
The i nput/out-put systemi1s an interrupt driven system and provides a

program i nterrpt 60 only upon conpletion of the data transfer. This
relieves the central processing unit f¥ém 60 - bei ng dedicated to
the device while it is transferring data. Each i nput/out put

channel i diffefant probabilitiss ¢has deflect thenrelasive dikeliboododfdinding adigial somtfoldat a
from sever,al devic ntrallers on an,apparent. sj | taneous basis. This is
acconpl i sﬂ@&“gﬁ“ eéch gﬁ’_&' cif‘r{'ﬁ'ér‘?%f’%e 3@?91 %}néed ﬁgspﬁ' 165, AequIsitgn by, the in
transf er smpgfie\@i8fiord hﬂylwgdiﬁwd&ml THE o tames%picﬁédrmggﬁ&smw ve

buffers in the device contTol _
5 and 1(b) are examples of how the channels in the A-Ba38 afid B-Band, rBspectively,

As not ed abqve, gac vice cantroller. has multiports,. and a separate

e Ut S easslERed altfered Tefaile DrouaBina R iphomag gl PouEl At e
device ¢ ré; PR :

di fferen%?gygg‘éosrlﬁr%odul’gé.&gs i@ aﬁ@%&)spr&)énﬁﬁrnrég%?&x%}g 0% %g'cr;rhésevi ce
cont r ol | etechmiqueccanshe usetdry & mabilatstation las aastarting pbing faradifiyal aodtrol channel 5

physi cal | y i ndependent of each other port. .conponent part of one port is
al so a gocation, Yor example, ﬂﬁ?dﬁg?r“t Wﬁﬁﬁéﬂlﬁ 1 %t@gchwl IR539r ngl e

conponentjnf@rakbe ¢ c ff : : . s i en1O) I on of
anot her plg rt. to (&é&gﬁ@é‘d Bélf){v) E’e;h(?E ad@éfl’l(l:éeg%%orﬁ lgaglrletéerweledn% U e@?’@}gi ¢ which
i nsur é8 tdhahnellbgatamiafgratation sitsoah ase ¢ds information in lieu of the clamaelsloek a tinme

so that trapsm.tting erroneoys data to one port can never contam nate
10 anot HEPL3fity schéme described herein.

10 Another BPYY zﬁ%ﬁhg he T6BHEM fil séa?)éhs fo?@ﬁgitﬁed%v }:rgf the

present invention I n%ggfrﬁ?l ces t eri pher es in a
failsoft chanmeris i place digirl oodttol whennehideatidw irfomiutiondni chahfdls deier Eigani N
case of a f%ll_ure on one path. And a fajilure of the device or a failure of

a processBf Gigiigcentrol channel so that if the mgbilreads such foehanpe)iwhiler searching.

oper afko : t t |.ce.
05" 4801 DR SRR o BRaRA0T B e B Wl Sl R,
present ilovatat (IDD) issa parametevveliichicarebe placed on the digital tRaffi¢ BRdnnehind shae of

devi ce can b,%Ggut on the system and the input/output systemwll still
meke maxiRRAWASS sfermatian e dsist2 mobils statien i Sading a-digitalidentrol channel. The

The devi cgy G I Lansf ers bet n the
dovi co. copl oyl f6F e hBoitd e bher e CrdrdRl yBich shb BB BBF "t T
maxi mum cdiannetl Dépending upon the number of bit?&vailable to express the DL Bhé tklevi ce
controller may transfer between itself and a peripheral device in bytes,

but t#@ number of channels iethesystewmn the PLemayryuniquelsddensify therghanrel ut which

transfer ' : L. hput /. out channel .
Because t%\g{gﬁlf ?ﬁ%ﬁgﬁ%ﬁﬁeﬁgdgg%ﬁﬁ{ Fﬁ% “S’er\‘?u“’c%"" Y t} 8 %‘%E)esglfbg%gf&?han in

t he i nputpgossibleuthannels. . For eamples lia 7<dit DLNS ppoviée)) thednbDdjaliistl, @, t he
invention linits the buffering to only the bufferin

requi red by- 187 pvauld bemapped &9 éhﬂf’é‘%wfg@f&ﬂi‘%rﬂ'lﬁ;h]@'g"r,eggxp'mi@ent i on does
. : vk does
order to tsemssBvely., Thus, for examelE i f Yigha? bl chlinet BEPRS! R Runity' ©© ' "

buf f epS W, ahérog Dicdalus df Pewbild e set palthecdigitalataffid chfinelshiathé Sarhégeldevi ce
controllers as had often been the practice 1n the prior art. 30

As not ed Bisold, valug af gerprdoes net proyidecany qigital ¢antrolechgangl decatind t hi s provi des
two 30 . . . @%i’ . N = 0 | ], each
buffer calﬁf%rénagg?\’s?'ftt}gf € ﬁ@h%%\gzmgnmol\?lé'r'gﬁm&%%? B %’l‘%ﬁ}c’l J"ngya?‘sd to the
type and sysgher of devices to be serviced. Each device controller can
t heref ore have_a uffer size which is related to the kind of

bt L he
devi ces to be ©8¢f P values are determinedy they agp engagded to form theERE whishinsi ve

buff ergco, | §3; e tsi:@ﬂ f . .

i nvenF5 (I) ongégf f’}(‘;v‘i\ﬁ/sé @%é%@ea?@aﬁéd g@’o{?gr AT eP l(vavf P %@ﬁf‘%@%ﬁ%ﬁ Wga M‘Aeac h
ot her. Thslet. i This is illustrated by thetexemphey digital anfficronanmi] bag-@hobikeslef t he
bandw dt h_of the input/output channel. The stress pl aced

on a par t fosmRLshonar meFigpee ). Tive Mudnbisrs belew dbeydata fisidstindicatg(the gumbemt v
condition of the buffer in conbination with the direction of the transfer
with respect to the 40 processor nodule. Stress increases as the
peri pheral device accesses the buffer, and stress 40

decreases as the input/output channel neans access the buffer.
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50 |nput/out put channegh tﬁasaé:eg,pﬁéggwae with a polling scheme which resol ves
priority anong all the device controllers having a .
reconnectwoaguesss pen “mml‘““nm’m‘L When t he devi cRCTURM2b48er i s
connected to the |nput| , the data is

transferred between the buffer and the input/output channel in a burst at
or near nenory speed. 55 Thus, because the buffers transmt
data to and fromthe peripheral devices-&t-the 55

relatively sl ow device speed and can transmt the data to and fromthe
processor obbitd therein. Fields other than the §DIn azer thasenfoupd 4 eenventional 181548

transfers,, and in,re ffer

can be ti npAsg V"éqbblﬁ%%?ﬁ CB?"&‘Q%’ éoa"fistgé ?‘?ﬁf’%‘ﬁlgﬁ%& ESUF @@‘g{ﬁ%%&/eral

devi ce conjddiidmal §1formanon Exemp 1ax/3ﬂ pitdlardfRe ¢Rdhnkl uenhk digigl ebdeati ent

use of the bandw dth of the i out put channel and also to

perm t sevehaanelpkand downlink i fg{)mnﬂﬂlﬁmﬂl&ldmfm@edmdlﬁr@gﬂﬁsbe made
on an 6

Conpr eh ns?@e %‘1"'} 8‘?‘1 8$9étl%"319%r enlé i?ﬁn}sé n‘feegéjn% l?%%rdssggsfﬂo& n%?ﬁﬂ Sg}leedplpow ded

in this the art will apprecig®ifist GtReY bit posifibhs chntie dsed Tof QETOL Hleld Rethéala,
rocessor system The error checks

paths of the multi
i ncl ude chM spartiewlanposition ISWUR@&MBS e thad dtacoseespenda i the i or
05 det ectl on 0585 BSVEP Rela or hE BBk HIRGY SR hihne stors of 1548

6 Inlths why Oéhaﬁgécﬂésth@ﬁ&fsmw i@ fdce e Alhinlized. { ThdsREVD b‘il@%re
i nput / out put ‘channel Error containnent is provided in th

i nput / d0t pdnfatsl;@ttemen;s iarthe ﬂ&dﬂBcnpegﬁtatmmwtmh cartyemiently mdxdaaesuwtg;nmo
two-word entry for. each her al . devi 0 def. er are.in the
momory  Ocation IorEaR e bPeh PRIAcEe AophFORSPULY A, PEER P Pho- wor d
entry descpibgfy e Auf DSrame gfﬂ{eog@@.on in main menory and the remaining

byte count length to"be transferred at any 5 particular time for a
particul ar dat aAccadsigao eutemglmemedmﬁw ofnqhatp/rcsanqomwmmnt abichanrigl e i s

herr eaul § uiifbers B VAR Cinaidhies 1B affitel Gonepl shamtel SsfenmiAat o Song NS B3 pe
si ngl expmﬁeseerdoepﬂw bg?ﬂpahgmgr xdentlf anfgpgzr}h aﬁct%@dﬂfm wogd is

physically | ocated essor tonnect ed
for ac c es sdesrablerthata piEorityescheme rbeldsablished dvirieh aareUe dmdl toessarch rfondigdtal t s

b /o | bI . | ur.e of
Cani o ent r§o1Fp! RERSF b erch gl vhock G2Hed v e 1ft. . 4 Tl il ” °
processor @E@Hﬁx&t @:@@E%ﬁlde%sd&id@&f w&h%ﬁﬁﬁ@&lm@%h& B8 WilP néMltomaticall

correct copy of the table entry. he nul tiprocessor system of ¥hi S
enbodi ment search &é chanaelkspbui wilknstead search ﬁdea; digitaboentrol thannelippthis Blpek 5m

whi ch dj,stributes separate.power, supplies o the essor s and 15
Glov ce 20ontIegrIEBRS Witk SOt SHEME o THGh. oF SABpEr B oL oMY §hral nder
of the mobll¥ 'siaPBﬁ @SQEWf&Hhélmén%&S%ugﬁ 1 Birtig %lmfcranﬂ&vse(hen
supply for part of the tiprocessor systém Any processor
nodul e or @eeiccencardtteaipt ¢o fmdrthé)dlg]nal/\mmrbldbmeho that on-line 20

mai nt enance can_pe, perfornmed in red-of f . condition wile the rest of

the -20 h@r/md{% drxe ﬁ?‘i Iqyes Mhi ‘Ei’ﬁd’ef‘h‘ﬁ‘&f? gxpedite the The

_power suppj £mdh Sfol Thafia " &P@P@l ssor
nodul e &agan(gst%ég%?ogr ate power g‘?}pp e ?@r eac ﬂ{tﬁnsggﬁc%%t&?‘gl | er.

The tw@S5s eimfeanicm wﬂimowshqthdscmbedawbempeﬁma techniques e applmd inivatiothe devi ce

controller b SwWitc ts one r,sup to suppl | of
Che. power FOTRpRe ot Framplgn i reestice 10 thé v oran o dievrg 3. dbogse bt o
the other poNEHieSStiidnks seekmg a dighBi® cHRYSI chanie? ot tﬁa/%tﬁmeéarﬁ&' §f &{Tepd) ment

of the present iInvention al so produces a power failure warni-ng signal
whi ch i s efystem. \As showswateblodie 1.t the enalfiletwidl ﬂixsgexamme,aaspummgehatrno other

dul t t. f | f. t t hat
P ocessor Hiaumatonds vafhble it ntite’ulfagy tne ifndts RREE R Hghet, Faaked
returneg t ?rdbﬁﬁﬂﬁ} bRk rfhxﬁfn%lee btk 1 hévid® channel nibRE lmnVFﬂgbﬁui(ﬂ he

| oss of da The' mendry of the nmultiprocessor system 6f the
present i nWéithin dhis ibdooki ofi chaninelst the fmabile will seldcbglﬁrstl chanreeh $0 read bagsed dat a,

Lo o Somé poeteamined e, F0r E0E e ot Betibdin otk a8t B driteria can oo

can be made 35 nonnodifiable and al so separates - -operating system prograns
fromuser progranms so that 35 users cannot inadvertently destroy the
operating system "~ The mul tiprocessor system of this enbodi nent of
t he present I nvention |ncludes a ~menory map mhlch perforns a nunber
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mai n“menory in the rocessor nodul e as required to inplenent a virtual
menmory system I n 'SS as BednlRRpipy Si cal page addressesare invisible to
usér.s’ anwo gs/nesscch | eed not resi de i nPETAISO412648

physi cal pages and u’physi cal main menory but may be in
secondary nenory. 50 The so provides a protection function and a
menory managenent function. The map provides a separate map for
each separate |ogical area of rrem)ry. -7- This provides protection by
separating code fromdata and al so by separating the user progr ans
from t he by dieemessurdgi signal saength'aftthdchﬁmeb within the probabiﬁtysbiopk ovi des

protection anobng -users in.a ramn ng_envi T onent the 55 map
whi ch is Alfeariedytthe GPW%?QW@&}F ’é‘e‘?“"ﬂ?ﬁ ﬁfgrdﬁﬁ Wﬂ‘f‘bmleﬂﬁ E%rlth?rem)r y

pages of [ghe nasures Fhegsﬁgréaflétrr@ﬁ r(RﬁSI)U?'c’ﬁarE}{e?sV?QB%JPﬁ% SHEm! 1'h witing

into a program page o er's rogram eature of a user
map t her eﬁorreamngtaabsyea&&thdtﬂe Ingbemefgdalf nrengthomrmnnelpdenoted changelst€rs, one

user from_.destrgyi ng anot ser pr o r he n, conj uncti on
with tfe 8§éh§t41¥f§}s§%t'é ?Jb eedstox ?rﬁnéﬁgﬁ%ﬁﬁqg‘g%& ‘F‘H‘r‘?&iron to
reduce o [ r mru f t FBR0H 60
maki ng pggg?sagg}i bl e‘?‘d econgar}f;l/l mem)r0 Te ﬁll?eepr n%log)régggmo%ﬁé)

f r equencyonén usalogtraffic chzmngslthai the dTpas remmprto binck I0ewherg thé d¢xtridghest ng

i or rupt Sk chaitehis selece Loy deadine. TH e Ot haN hatnel X’ SR GEIBH | shes

these funghiqps tﬂénoéﬁieqﬁtﬁaé?rl X p‘%ym i jsiofl Bib&Es0 mﬁl trfey%tﬁﬁeﬁ‘ dchgﬁ%el is The

nunber of paged ava mal n menory ysi cal
pages lQusidefifified as being &ither a control channel or a traffic channel Thislidefffica€ion can
7 t herefore sonetimes be brought into physical main nenory from
secondar yberpagetmed in a varie W4¥Sort ant aspect of efficient nmenory

managenent is Tg!g“%; i | o tr?ﬁy: ' ' d‘{g{%ry are
bei ng used fre%&ent é‘%‘ &;%r}@grs % neeﬁéﬁn%d'[ggalre al ?g Ierl]qﬁhrﬁ physi cal
mai n nMenoegntrol cﬁannelﬂhetllseﬁdr mmiard aml agapebetushdsas an klihgserativee tdferenceny
particul ar pages ph ﬁSI cal _ maij can_be witten over

(overl ai dpl \Rplig'lbﬁle IIS gigital B’éffﬁ M“@\ﬂﬁﬁﬂ&imbﬁ?m’f% @@H@hdawylmk slot
of 1 03 o format hve BFuclii, cOiskiaty) B i B0d B0 and pfh inerdulealy 2 P

i n the nepergdih ldyfferghoes whibh allogrfandidingisicting afdigifil conttd)@hgnnet fraphysi cal
page over a period of time. And, in the present invention, the history bits

10 drgétab@afftsom@amly Bﬁﬁﬁab@@“ﬁﬁroﬁﬁﬁmﬁﬁféﬂ‘;ﬁstlhé‘m chaaaelrré@m oF thsr ogr am
I nt t
|t cat 1 ndSRLYsification SRf P8 BYCC) e iobrHfarit RFRT fefls Ierhte alblls 4 |

was | ast bit9ughef 1D whichareadifferbat ih Sedy pgie.of CDVCC an“&resmraodéwreiore
includes in the map itself_information which permjts the nenory

nmanagel0 t segredless® n@h\ﬁhéﬁlﬂgﬁ%oﬁ)ﬁﬁﬂ@eﬁwmﬂdgmﬁ“mé’b’c?abasﬁrémme(hﬁr yis a
good 15 s m%%ﬁgé%a&?e {2 fadf%eéﬂlﬂné’l‘é%gﬁgx@n&“ﬁg\p?\)e} rnﬁ% '&ﬁ&f‘ggﬁgé exfee B 1 N9

a page i n FPom secon ary st € page In

physi cal Rrehi¢h orenenised aommwifﬁ:rfonce ureymrelréaw)edm hobile statiofet Morene
also, if an overlay is required, whether or not it is necessary to swap the

overlai d specificaliygheofour lcbeiﬂfe'éiéﬁﬁfaﬂ‘? (NS argdnyrsted relative tg Higchegk biss of

O or hge” 8 CERICED' SpRly 2k, CBYCE Hitens 35 1208 B3, 661080 of 8 ARSIy

Map i 25 0mkadfidekanngl Wheras thef conbent GEW&SFP lcﬁim 1xserpma¢t2b1érf@sm¢m&onﬁl n
menory. Each map is constructed to provi significantly faster

access t halot tosloson asdigite] ¢amire] ghannel. mai n rrem)ry so that the nap can be

rewitten int h

acconpl i shed. %Eveé'vﬁl tm%hagaﬁ' %é&ﬁéa@ﬁ%& éf%&cﬁggg@ﬁbfowﬁ%?@%se menory
cycle 25 intketiéfRing employed A 4\@igRal @ Thariree ig@ifferent el thdeemplled ard
access for the central "processing unit and t he m&rt/o put channel .

Thehl nputh /digitab gontec ohannel gagardless of thedDREsendce (speachas KACCH). Karrect |y,
't anar 29 o Skiglc, Bt B4R dnafnd FhCuse 1P ¥ES Tofihe e gl cBucr

accesses ichanRIbes Hﬂd‘atefwdg)UméoveﬁotheQBéﬁlMAaCHeaﬁieRESERmlﬁ!éldsan
therefore be interleaved in tine. Al data

t ransf er s haye diferentdumetionghity oy ardigital gpurrolhepnel. @ﬁ’ﬁrﬁﬁéla] funstion @€ each oy of
the systemdata map. The system data map adds additional bits in the course
of translating the | ogi cal addresses to physical addresses. This

permts a |arger nunber of words of physi cal nmenory to be accessed by
using a shorter Iogrcal address to access a larger physical 35 space than
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bit and detecti ng alk;s uhl e bit errors and detecting many of the errors of
3'bits or nore cenBeplaged 22 bit word. The error correction .
i ncl'udes WO 23112036 bi t Im heck bit conpar afPEI/USQH 32648

syndronme decoder. bit generator provides a code in which
each chetk bit is a |linear conbination of 45 eight data bits and in which

each data bit is a conponent of exactly threée check bits. 45 The
check bit conparator provides six outpu8-syndrone bits. The input of each
of .t he out put syndrone bits is eight data bits and one check bit.

The syndrtbefielisdiusiratedhineFiguess2(ahe2(diisinotgermane toi the praspatt disgussionme bit's
and ident, fies t he, pr.esence or absence of errors, an e e of
errors, ifo%E" fop2m reﬁ?ad‘%? %ﬁagu%ots&e%@chgpél%oﬁ ﬁeggﬁﬁ%‘% s al so

provi ded ik fadety thd htiedinSdrpotateddffplicktion. er ror detected by 50 t he

syndronme decoder and thus correcting the error. The sem conduct or
menory syst em if shanngl &Xoisea digital eontrobchasinalthen ithe lokatidnupresesads can be

o St o Rl b e B bl 560 ENITBIRE . e b G ©
whi ch i ncapapmel aike i B didital waffie enarhel, dien d;@@m&mavagg%&%b whens, gnd

which are effective to function as described above constitute
further, isgdeerninedowjetharprafotithe digitahteaffic channel includes Higitalicontrol sharnet he

o onc B Bl 55 B B SRSt B % et e e o
| SOMet I'i Creaddl AokhedicARKIRMaNA Bé Abwandtes babk BEBIBRI B0SMPLE TPl T uCt ed in 60

accordance with one enbodi nent of the present invention. gure 1 shows
sever &) doformation & used 3o dindntbel digital edntrod channiebat tigck Wd. i nt er - processor
buses 35 (an X bus and a Y buys) . W ith each bus controlled by a bus
control | er 37.A%P’béﬁ%@ati"eafosg‘esfﬁfﬁﬁg’%év@?%‘mﬂE’é\qcip%'?%me, in hybgd,systems
control | afge | ' : € -4 -Lnput / out put
(110 buses réja"%é%89@?@?\%@“%??&2%5%&#%@3? g%;r@%‘tsgq"é%}};r}g“@pi s a bl ock
di agr am vinformatiomicargbel plazed on ahest lwhamneiseEor exampid, digieal ¥omusl ch@fnel

8 S . 1 588 803

8 informagion £} be plaged; op irachyofthe Zoadicgtadaanalog qontrol shanuels feynd

Pr 0Ce$$ OronBuih | caftiers ird E‘F‘]-S4§. SRS 2 1*1<Fbile station can Hr@GLAI TP GurbRER the
connecti ons between each bus controller and the I nt'er processor

cont rol S¥aiddbieanilogcontioladhapneic daterminewitectheidigifal gouteol Tharmeh fotethai | ed

"2 oo el ¥ h6ted ahd nen’fing oty B dighes Somire Shanal, °'° 37 MM ®

5 Kbvdi i 2 | rgé}]m | l ogic for the
shar ed out put bu%ﬁggggﬁoﬁeﬁgéﬁﬂlﬁrﬁbggf iﬁk}ﬁléﬂelgém gg"ﬁb@%‘éssor contr ol
55 of a pnformaton regaddihg digital conisdl rchienk! lotafforgcarealgo be provided to a mobgelr e 5

is a q')ew i ke ||1:i glI!Ire 4 ﬁut show ng t he %:ﬁ i c for an _jinqueue buffer and
contr &0 gation when'thap mopile SiHER UpetERes FAlb HRIBHOM 5 Ong Of dhe, MeswaEet
nodul e; ; ' f j [ r O f : ' bus
controll e‘?’hlg%@samﬁiaﬁy Sg?%?és@%%&v%t gﬂ fgq reBif s%ﬁég%ghx?eecgé%n {sh S t he
pr ot ocol teimieatigoohg cathtipa (RELEASE emessage|wiich ifoingethe madbile stdreh [fopa ocol

| i nes goi out of fhe s contrqller to ,the processor nodul es;
Figure 7 ﬁgcaprb%’hﬂg‘@i“'éggﬁﬂqnf%e%ﬁ é’ﬁ'ﬁ‘@g G“fgm‘f@ﬁdﬁg%mg}{be fosgiien pBaand 75

for the sfigifSontrol channel Eﬂ?ﬁ' f t .EJ : 15
Figure 8 i% a g?é(t)ec éf’g%%a*m |Edea“ﬁﬂgﬁugggﬁgpgﬁgﬂ}h‘ghoggﬁgfvavn%gﬂ?ga %&Ic 93
and 123 ftbe timeecof callStermination onithe) RELEASE Mmessage)cthe avbile lstafibn @ked-haur e 5;
Figure 9 |s a diagrammati c vi ew_show ng the tine sequence for the

transnis ghg%%rgggi 78y, procedures forjlocatng 3,agwdigitah consiol chansebc s this  nodul e

and a reGgiy Ghe m&g@%&?ﬂﬁn PiUave knowle_?ge gﬁ 81%1 | o1 Laningl ?f%tﬁgli c diagram

of the bus enpty state logic section e processor 20
st at e | ogegardlest pbwheéthenft hascbeen hepdedeofbof hetrduring  previoas tomlecfdn.shown in
Fi gure 4; 20 L gure i listing of |ogic equatjons for the
| ogi ¢ di agr am AhHhE*3PIE; gléﬁ%eslﬂ,%)la“f"'&’) 1f1ustratepp5§§ggg: f%?“?*é%éf WhigBk di agram
of thsgi NRfrmAliéntin bé pRAvideSiotdMmdbilé SRtaN id hxarmgé m
shown in Figure 1; /P ' Fi gurta 13 1s a bloc %?Ea&eésnﬁggfm{ I@Mﬁ&e&

i nput / outdigital Coniopl chaaneie| Fipote 4fa) shqwsoaresemviewnsfidneexemplarp REIHASEe 13
shows the maj 6r_conpopents of the |/ hannel _and. the data path _relating
Chose | DEMESShge formab Gt IBrdesd Type O (opton) DER, iperaration MEVAMBERERD ed Vi ew
showi ng the individual lines in the I/0O bus 39 of Figure 1,

Figure 15 is an I/ O channel protocol diagram show ng the state changes of
the T bus 153 for an execute input/output (EIO caused by the
m croprogram 115 in the CPU 105. The sequence illustrated is

- N Tl AN o - L T T Y, 1
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35 response to a rRQISQ&EHgIBgQ from a device controller 41,

35 Fi gur ‘t‘f annel protocol diagram shovm ng the
state ch@gH12996 t he Wﬂlﬁ@; for an interrogatRCYT/UEI4/12¢480)
i‘nstruction or an int priority 1/O (H IO i nstruction
initiated by. the CPU m croprogram 115. The sequence illustrated is
transmtted over the T bus 153 to a device controller 41;: 40
Figure 18 is a table identifying the £9nctions referred to by the menonics

in Figures 15 to 40 17; Figure 19 is a block diagram
showi ng bhe mﬂerm’tplaiyrm:nrfamhese 126 tpsris AlusBateddn Figiereid€ie). Therein, the
controller 41 as illustrated, [ el; . . FLqure 20,is a block
di agr am oPargmgter (Tvpg” ﬁ%ﬁh’ 165 'EE%; d3s a REG "rfpgmt@ﬂzégéhd% Numbgs
pr| mari |

of V&ﬁxegah@ldoﬁxggite‘é‘hbw {’}%@%es r%%tsnarel %g{essagat h c?et ails of
t he i nt ef’CmeL"OﬁHdndémﬂies the frequency b whith aimntﬂemmnclmah ibel foend did shown

in Fiqure 19 gure 22 is a bl gck dla am showi ng t he conponent
part s Sof th; d-'AYQCbﬁﬂfierPTQ\eéeﬁ Ghetialerification colgRoerde ICBRREOR | Of CauTE those

controll ar aph
illustra | gleoix%'r@{l aghl%g?wwa g‘at areé&rn]g lgnfggom}a]t gﬂgt e?ﬂ h% ur e
22 and Filgtstrenﬂémanner in which dxgﬁagwmﬂéhmmehldcammmf&rmymrmnlbleust rat i ng

the relationship of SERVI ?E VO) from t he channel 109 to the
| oadi ng BFovigad-and; that,othek fgrmats ‘E&t Usedi ster 213 (Figure 21) and

illustrates h%&gg x%gfésé thﬁ&& ﬁfﬁf? @%@ %ﬁb&rlr& aded into the

regi ster and cont1nue a ha een fully

| oadeld i rddiotelephorosystent according to oh® embodiment of thiei resent Hventorawhichemnt i ¢
vi ew showi ng details of the power on circuit (PON) shown in
Fi gures B usgdjtopimplement the foregeingy rkhesystes showsgincexgmplary bres stetien bl f er

Cont! ARFHTAE 2. e S Sy RS s AR AER, © °

60 cont genrrecteliao hﬁmmlqae viticH hﬁ:ud:@iisacdmecmcb grerpublit Switdked &[B;bhoﬁeﬂd
out put pointers; 60 Figure 27 is a listing of the |ogic

equat i ongetwork (et shewadt regi ster 173 shown in Figure 20. These

Fiourid g0, Thedabe SR TTTRGn 8L IRudRER ol St veiblamel pARETRV 2. o

of the twacblcn@nmmﬁm hgoWeieh is controlled bii¢hd édarfonand prock&dngdght t he

ports 43; Figure 29 is a |ogic diagramshow ng the logic for the
gener al d36.e Ajso,t ¢ach hasel statiqre inclisigs a centrol channel t@nscexver 160 which may be
1 588 803 in Figure

28, The FOEPle LhiRnting ot ihar 9% panviph hargel.  Fhe ?0‘5‘&%‘ Hatea! FRnSEY D ¢ he

i nput / outj BYtis GRHIRE bYOfhe TCORMDI drd ProBaskiag kit 130. The control lchéhfep 30 is a
bl ock di agram of a power distribution system Figure 30 shows how a

pl ur &G t yrapsceiverd 8 rm@aﬁcaaﬁaomgﬁmawverstb@pmt@ chamneh of th Basei but ed
and asso%{aﬁ%‘g’%r cell t%evcfbd@s bk ﬂlré? rgg&bcg?rﬁ\e'l C%g.%%ﬁéeoéﬂaﬁﬁé téd}iﬁcg?ver

i nsuring edC ce cont fy“and an
al t er nat qagdleethexddfik \or voice channels whidhgsan€indliidé digathl eomtrdl @Réhneﬁﬁic@!xérﬁd vi ew
of the switching arrangenent for sw tching between a primary

pover suppfoymation amdescribediprevianshypl y for a device controller. The

The. ovent of  Svhen Becnonts 1 B gl RiThodk, BCpeh ifaIuark Riehih ™ '

SWi t ciy ”Qhar{helshéﬁ?asg's&fti%h? ke BREESaidH {10 toldktermine which &Httﬁ 1661@'0@5? ernate;
Figure 32 is a block diagram show ng details of one of the separate and

i ndependeamp to. The mobileuRd resejyss ithesatsolute anm@datweufqrmamrgbmd%;ed on
Figure 33 is ramvi ails o h i cal buses and
. the hori ?O‘?W‘HP‘ g'a""e‘lg‘ ﬁ%u%‘&% a?‘i@‘i‘ﬁﬁ%@‘?’ﬁg%aﬁﬁﬁ&“? 38‘% é‘ﬁar ate power
suppl i es padsaRo Wit 130 valifats IRe Fe2eiv@ codtpol channel mfonhﬁk‘ibn\/tvﬁléﬁ'mélﬁ&ésce
controllers 41.” The particul ar bus arrangemant shown in Figure 33 permits

easy sel ¢ chanaciéristicy of Whe oandidate rellsiand hichi pll thesmebile mpuﬁn” i mary
cont 1 1 peKCto! *Ffe received qonmPE ¥l RRirtalS o &R ipeitleR e ®OiEr o,y sy st em

andFs ho“ﬁni@%ﬁﬁérﬁc&feeﬁhﬁg ARGV witR Which it i@ Bssosihted, 9&@&%5&{@&9%&%33 shown
in Figure 1;

Fi gure 3dnfosmatidr cericediing other seids\progimase & the asll witle whigh thempnuol danngf the
menory 107 shown in Figure 34, Figure 36 is a block
di agram showi ng the organi zation of |ogical nmenory into four |ogical
address areas and four separate map sections corresponding to the four
Iogical address 25 ar eas. Flgure 36 also shows details of the bits

o e o o o oy



nodul ‘e 30 Fihi &tﬁ&ge&@pg'&eggr am of a check bit generator used in
t'he sem conductor ne ! : nodul e 403 shown in Figure 37.
Figure 3W098/52934 | sts ‘y,w”,ls for two of the ei ghtPOI/§S94/12648

parity trees used in the ¢ ‘regi ster; Figure 39 is a

di agram-of a. check bit conparator used in the sem conductor menory

nodul e 403 shown in Figure 37. Figure 39 includes the |ogic equation for
nine bit parity tree 35 for syndi@re bit zero;

35 Figure 40 is a diagramof a syndrone decoder used in the
sem.condus associaredn Theso ddiaeent cells are periédisaliy scannédnwhile) momitdring Fiegur e 40
also lists the logic,equatiagns for the operation of, the | ogic .

secti on PHNagy W?f&léz}i'ﬁﬂ?egﬁ% dﬂ@E’Bﬂ’@r‘,} rthere § 3 more S“I'P{’Blﬁagd‘r@itei sAdditiggal;

di agram i i } 40

dll e 4 ong%Hm%n &Paﬁﬁﬁl I Fggfsg ?ygflgx?bﬂe Eﬁh‘?bé? "Hati0R GipleRlentiHORE ¥an be

40 found in dopending 42SsRarest Apglicadon SexalNat0KI6H,027 emirledr ' Mueisisor system
runni an applicgation . rogr i.ch is required to be running
cont i %OM‘P‘% g?ﬁé HapeRssingy filed %Fﬁgg’gr Sﬂ]e o B. Dent 4nd B, Febindo mdich
successi (AT qﬁﬂg ' j and the application program

changi ng\ﬂf‘sk:bsbsﬁr% s i n%eggiegfb%gée’f?ge[n?%n accordingly. 45

45 The abuvd-described exemplist @nbodiments are intenfiédto be fihisrative insonmetri c
di agrammatic view of a part of a multiprocessor system

const r uc BB deIP§Clac Fher than regingtiven ef Biegaescat Hiversion: hAlthoughdhe foregaiigi on. | n
Figure 1 : | il : t i S¢hdi . o | y..by the
rof or anc ExApiar; pmbimeli P beEEERNGY if B 3¢ bE <08 viChiR RIS, e

i ndi vitdupresprtdaearion candel appliéd to e MadivcomaamivatiodSystem. For examplibyl e 33
conprises a.central processing unit 105, a nenory 107, an input/output

channel satellites could) ansmit ang, T‘Fcﬁ’c"ér%wu‘éﬁﬁﬂo% dyithsremote devices, The
} g‘rji vi d.u?ﬁchmif?g e WRAY! BEs %&éﬁ"&%&&ﬂﬂﬂﬁ&&ﬁ%&%@@&é}.pr OCESSOr LUSEs 35

1 o
erprocessor conmuniicati ons: n a specific

enbodi ment of Thie thrapriekgm dnantion isy4jable of Imanypvariationsinaiilegocessor 55
nodul es 33 are interconnected by two interprocessor buses 35 (indicated as

the X budmpl¢mentation that caphe deringd fiom theqleseriptipn contained herein bgacperson

i nt er{y oGeSISQPL S, ha - ' < W t.hat . hus

The bESrs %gl?iltg? or F}gér%&S%lﬁF%;agﬁgéégyof{"ﬁélslggé ‘%’g%g%é&glrﬁéﬁér ptrooégeeélggﬁl tgSnt rols
55 (Fi gurseopk)and spiritGéf the gaeseheinvttidn Bsdefinedbe thefollowiigogainesor s 113,

m croprograns 115 and bus receive tables 60 150 (Figure 2)
provi de an interprocessor bus system The construction and operation of
this i nterprocessor bus systemare illustrated in Figures 2 - 11
and 42 and are described in nore detail bel ow under the subtitle -
The Interprodessor Bus System The nul ti processor system 31 has
an input/output (1/0O systemfor transferring data 65 bet ween t he
processor nodul es 33 and peri pheral devices, such as the discs 45,
termnals 65 10 : 1 588 803
10 47, magnetic tape drives 49, card readers 51, and line printers
53 shown in Figure 1. The 1//O systemincludes one I/O bus 39
associated wth each I/0O channel 109 of a processor nodul e and one or
nore nmulti-port device controllers 41 nmay be connected to each I/0
bus 39. 5 In the specific enbodinent illustrated, each device
controller 41 has two ports 43 for 5 connection to two different
processor nodul es 33 so that each device controller is connected for
access by two processor nodul es. The 1/ 0O systemincludes a

m croprocessor 119 and a mcroprogram 121 in the |1/ O channel 109 (See
Figure 12.) which are dedicated to input/output transfers. 10 As al so
diagrammatically illustrated in Figure 12, the m croprocessor 113 and 10
m croprogram 115 of the central processing unit 105 and an i nput/out put
control table 140 in the main menory 107 of each processor nodule 33
are operatively associated with the I/ O channel 1009. The
construction and operation.of these and other conponents of the 1/0O system
are 15 illustrated in Figures 12 - 29 and are described in detail bel ow
under the subtitle The 15 | nput / Qut put System and Dual Port Device
Controller. The nul ti-processor systemincludes a power distribution
system 301 which distributes power from separate power supplies to
the processor nodules 33 and to the device controllers 41 in a way
that permits on-line naintenance and al so provi des redundancy of 20 power
on each device controller.

20 As illustrated in Figure 30, the power distribution system

I oS
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A sepdrate power supply 303 is provided for each processor nodul e 33, and a

bus 305 supplies the power fromthe power supply 303 to the central
processi%%{ﬁ 605 and 25 nenory 105 of a related processerusndnss 33.
25 a?so illustrated in Figure 30, each device controller 41 is
connected for. supply of power fromtwo separate RREL, S U lies 303
t hrough an.automatic swtch 311. |If one power supply eplaced
particular device controller 41 fails, _that device cont Hu! & HI i ed
wi th power fromthe other power supply 303; and t IS

acconpl i SMM%} wi t hout any interruption or pulsation in the
power sup " controller. 30 The power distribution
system coacts with the dual port systemof the device controller to

provi de nonstop operation and access to the, perjpheral devices in the event
bf 15 1are ofl "' A mathodafor doseig aecqpuiel Cidin amots gy chasty , 303,
The mul ti %’&ﬁﬁgagr ¥ls]=g}-.i ncludes a power on (PON) circuit 182 (the
details o i € shown in Figure 25) in several conponents of the
system to establ i sh pribaicasttg, pavieplutality 85 said chanrelsaioqation informatianowhishent
is within certain acceptable |imts. For exanple, the PON circuit
182 is | opatnssitowird said qontrol gannely each device control | er 41, and in
each bus controller . tﬁﬂl:hp . i bdic | ;
present a signal estr%qul‘ ’htl’%a rrt“i?mb-eﬁéleseve ’Q?@Bg\%’é{’ lﬁﬁ" a%'p‘{h?g“cﬁ St %)os?éﬁg%re

parti cyj araidagestioarinforaiations aidhe power is not within certain predeterm nd
40 acceptable limts, then the signal output is used to di E;?%t.l

di sabl e the appr opr ila¢atingu by seigrmpbile stations fsaidrrongehphanaek using §d doratipe poN
is | ocat ed.f . The power-on circuit functions in four states - power
of f; poverMgEPA Y rom of f to on; power on; and power going fromon to
of f. 45 The power-on circuit initializes all of the |ogic states of the
system as the power is brough and in the present invention,

t 45 up; . )
the power-on ci%cui tThs methedf caimabiawvhersinasaidplyralily pf channels; Gogmrisg nt
functi of _.provi.di ng f a fail-safe systemw th on |ine maintenance. To
do this] Jlgl&l%t"iﬁ@c ﬁ%Wé‘%SOn circuit in the present invention is used in a
uni que way to control the interface circuits which drive all of the
i nt ercommuni cation buses in the system 50  The constructjion and
operation of the povEhe miethodi of alaignl sybersin suidpiurality of ghannelsrcompiisees 50
30- 33 and a%f ;}&%glri Red ilp detail bel ow under the subtitle Power
Di stri but i%#98 fchannels. - The nul tiprocessor systemincludes a nenory
systemin which the physical nmenory is di vided into four | ogical

address areas - user data, system data, user code and szstem code, (See
Fi gure2®6). 55 4. « THee methadyofssiaine in whereiysaid plusalisy A5 EhannelsceamRTise | ogi ¢
401 (See Figure 34).for 5 translating all |ogical addresses to

physi cal ﬂ‘%&@s@é‘g"gﬁgﬂrﬁf&i ndi cati ng pages absent from primary
storage bit present in secondary storage as required to inplenent a virtual
menory systemin which the physical page addresses are invisible to
users. The meAwmysteny fardacatingcr m‘-@ﬁ) sBangehymeng s plurailyafchagnalhe
menory by the central 60 processing unit 105 and the 1/0O channel 109. The
| / O channeP™RI¥'M&an therefore access the 60 . nmemory 107 directly

(wi thogs having to gQ piieGuitioniWifick BFdadestIsid pRgalitg of RhinnklSandfin€luded a
transfers to and froma device controller 41. The constructi on and

oper at i on lotatiduneinfiermatipn opsatdeast seme (of gaid charnels, i5aid lgeatios isformatiomd

are described.in detél” b(a_loﬂ undﬁr the subtitle Menory System 65 An
error deteﬁ'?%% fh GO %?‘68 gd in the nmenory system for correcting
all single 65 a mobilelstation which reads one of said at least some of said channels tb 588
803 bit and detecti ng al | double bit_errors when X

seni conducaayuiresaidr pcitionuinformation aad vhieh $hen locates said control ghanng! using saidy r or
detectbﬁ-n stemutilizes a 16 bit data field and a 6 bit check field as

shown jon WHOTMAROAL | ydes a data bit conpl ementer 487 as al so shown
in Figure 37 for correcting single bit errors. 5
Fi gures 37 through 41 and the related disclosure illustrate and descri be

details of the 6rror The system of claim 5, whetehcsaidat lepsitsome of said channels

Before going into,the d i lLed description of the systens and conponents
not ed gene?&f‘?‘}se digital e Cha“'éeg%ve, it should be noted that certan - -

term nology will have the foll owm ng neani ngs as used i | S
application. 10 The term "software” will ref eH"llmuM"tHIIiﬂmt;
systemor a user programinstructions; the 10 term"firmare” twal

to a mcroprogramin read only nenory; and the term "har dwar e"
will refer to actual electronic |ogic and data storage. The

o, . e e o e o o N T o



menory management. TheTkisheath

Thi-s pI’OVI " for information transfer over the

operati ng syst em aPCIAPOH IS

e‘ptaeam al so manages the message system
i Nt ér pr Woees20360US .

paral |l el s the nodul ar a he multip- 20. rocessor
syst em conponents descri bed above, |n that there are no "gl obal"
conponents. At the lowest |evel of the software system two
fundanmental entities are inplenented--12- processes and
nmessages. ~ A process is the fundanental entity of control
within a syst@m  The syste@5of clainESciwhgremcsaids atcleass issthe obfaid ghanneds e dat a
space and register val ues, and a possibly shared 25 code
set. A pfFoBREE %ﬁ?}"%ﬁ%ﬁﬁc&fg@ﬁgﬂsa common dat a space. o A
nunber of processes coexist in a processor nodul e 33. The

processes may be user witten prograns, or the processes may have dedi cated
functions, sugh asThéGystemasfiilaeim $owheérein wid ariedst Gbrtie of ssid whatreds cr eat i on

and del etion of 30 other processes.
30 5 comprise analogacontel £8amels; r equest services from another process, and
this other process may be | ocated in the same processor

nodul e 33 as a process nmaking the request, or the other

process my be, IocatsgkeistamW,mprharg processor nodul e 33.
The processes work in an asynchronous nmanner, and the processes therefore

need a 35 meaas FRrcbrendcasting Fantzol channels and dFaffic @m&%sam%quest f or
services to be quegrgegn dﬁﬁu%dmgglocanon information %%‘@%&?r om@ o?%ﬂ' donf3r 1 N

whi ch t he out cone pon fhe sequence 0 oces
startid &hd Hhaffic éfawfiels hsaid brdtib® infoﬂmami'ungaawmoa rléast aues bemiof

i nterprocessor nodul e conmmuni cati on described in nore detail
bel ow). control channels. Al so, all interprocessor nmpdul e communi cation
shoul d appear the same to the processes, 40 regardl ess of whet her

the processes are in the same or in different processor nodules. 40
As wi || becongonhor qheltase shtieiof bRim 5 WheRiin 6did 2P 1ch&t Sofi¢ oft SR Edtitighar e

structure parallels . the hardware; and different processes can
be consi @ad gaffiqchannele wompsise digital watisrgheneals. s of the
har d e in arrangenent and function. For exanple, just as

t he 1770 channel 109 conmuni cates over the 1/O bus 39 to the device

45 controll enjdl, Theass sBAOE OF 8lafn 9, Rlefei sdi@ AU RASt okl dTSkald EoriRisage
systen) to the process 45 associated with that device
cont r ol | end zafficehannels compeisel evalog traffic-ehagnelst ur ns st at us back

simlar to the way the device controller 41 returns information back to the

| / O channel 109 over the 1/0O bus 39. The

ot her fundanengal waxeeauaxbefémxwamesemama:waaW éétitrdists of a
request 50 for service as well as any required data. \Wien the
requedl iasd ¢rafife chasaels aomprise @antleg coatrelchanils. will be.
returned to the requesting process. Wien a nessage is to be

sent between processes in two different processor nodul es 33,
~the interprocessor buses 35 are used. However, as noted above, al
communi cati on between processes appears the sane to the

processes, reddrdl &smegiodfostbreadcasting fzom aj base piatiomen channels comprisBg i n
di fferentheorocesfsor nodul es 33.

55 _ * This software organi zati on provi des a nunber of
benef2g s. rovxdmlg 16&8dtRon RidMREI6 poihfiniEidd digital SatdP ChiheF oflab O
provides for significantly nore reliable software. By being

abl e to deaypsornerefsaid ichannelse agdf t ware structure, smaller nodul e sizes
can be obt ai ned, an interfaces between .modul.es are well defined.

50" The syst em teofeEgR Rl %ﬂﬂflamsfbmmsé 3of “the
conpartnentalization of function. The wel | defined
nodul es and the well defined |nterfaces in the software system al so

provi de advantldges The methnd ofiislaim: 13, whieeein said a¢ leagt somsofdiald ehanaelsi n t he

case addi n. ditional processor nodul es 33 or device

cont rgqlcfp Egep@l%mﬁ?qaﬂpégessor system Fur t her nor e,

there is a benefit to the user of. the multiprocessor systemand-software

65 systemin that the user, witing his program neeﬂ"m m war e of
2 i

either the actual machine 65 ”"””"I

1 588 803
configuration or the physical |ocation of other processes. “Just
as the hardware provides nultiple functionally equivalent nodules with
redundant |nt erconnects, so does the software. For exanpl e,

S e T . o - N L Y o I I ”~ ~ B —



As pointed out above, the individual processor nodules 33 are

i'nt er connect ed by trmstxeetﬂasBeenlmpl&re@rocessor buses 35 (an X bus and a Y
bus) Wlt\bo@gﬁib;;bus C rel at ed bus coptTUsdareas/. Each
i nterprocessor bus ion with its bus controller 37 and a 15
related- |nterprocessor con ro in each processor nodule 33, provides a
mul ti - nodul e communi cation path from any one procesor nmodul e to
any ot her processor nodul e in the _system The use of two buses
assures that two |ndependent pat hs exi st between all processor

modul es in thessYSURR methehYrdidm B, drtih Said' IRt Rithe)of G charpkidoes not
prevent conmuni catr on betweén the processor es The
bus cont rcolripeise 3alog traéfic bhanmelst pr ocessor bus 35 is a controller which is,
in a preferred 20 formof the invention, separate and distinct.
fromthe processor nodul es 33. Each interprocessor bus 35 is a
synchronous b Wt | C | i ¢ @& bus

cl ock generat :)}lr% in ’{}h J?Igthburlaﬁr@im)l %3@@}' ‘?ﬁeﬁrl%tegﬁg%8feg%%r"h%’g‘§{ r ol

porti ons cﬁﬁlpﬁfse analog con®bl clahnélse nodul es associated with the bus nake
state changes in synchroni.smw th that bus 25 <clock during transfers
over the bus. 25

As Wi |l be deil?ri bed rﬁ&igogt%({q&e%ﬂﬂq&%ow, the CPU 105 operates on a

different clo rocessor bus clock. During the

filling of an out quﬁe@s%r tréaemgnmattmnﬁfmaﬁon pointing td 8@igitab comrdlhe
i nt er processor control the CPU, the operation takes place at the CPU

c: ock ra%an%}mmshmnebnwhmbmhwe@aek@t@ v interfacs; awt er processor bus
30" R0 AKCS LS e fon lnide ' BT diRRE ol Bharnel ing RAMTER hae < ne

i nf or mat |1§)@,1—;t;,ﬁa@smtted over the interprocessor bus is transferred
at high transm ssion rates w thout any required correspondence to
the clock rates of the various CPUs 105. The information transfer rate

per i tted by A oot 1 5Bl sefof of Sl s .% i‘*‘ ke el PRk

secti ons &fific @hafiRPry speed. This ensures that there is
adequat e bus bandwi dth even when a | arge nurrber of processor nodules is
connetied in a nultiprocessor system A beneflt of using separate

| ocks -f 105 | ' .

Fequl 1 ed, and ohi < B Hokle 888G 36 FRRR T, WBlFFL o Bhaish Slmi aneloe
failure whirab chgilets. 40 stop the entire system

40

The interprocessor control 55 incorporates logic interlocks
whi ch nake it pOSSI ble to operate the interprocessor buses 35 at

| ock rat h CPU dependent k rat
w thout | 0se. ci0-dai T mobiie sation F laif 57 i i HETHELS GIMORAE on8E bus | <

transg@tt&qtrbpcmhg;shord packets. Ina 45 preferred formof the present
i nventi on each packet is a sixteen word packet in which 45 fifteen
of the words are data words and one word is a check vvord. The

55 of the o 2 RmeRedo® monubat a Slaid rdio shume OB R HGESRY S T ©

pr ot ocol d?n%ﬁr’{éléjﬁ§n§Qrmﬁﬁﬂ@%h&hb&ﬁpﬁsmg the stepss(ﬁnder-recel ver pair and a
time frane for the data packet transfer. At the end of the tine 50 frame

for the transni ssi oreadingtdne afesaid placality of cheanglas controller 37 is rel eased

for appther ° enc The speci f.i.c.manner i.n.whi ch t hese
funct?gns are carn%ﬁﬁl“tﬂﬁg%c? 8‘3 on pomtmgﬁgisgda(w}gflgﬂ? troj;chapn ej

descri pt '@&n%faxdt&?e 8t §418 ‘puirdlity! Fadndhfdls; @indHi gures 3-9 bel ow. X
bus 35 is identical In structure to the Y bus 35, so the structure of only

one bus will be monitorieg said ldigital wonteolahhnnel usisg said loeation|informatiend i n
Figure 2, each bus 35 conprises sixteen individual bus data |ines 57, five
55 i ndi vi dual bus protocol lines 59, and one clock line 61, and one
sel ect: line 63 forrgaedkthod of clainPROCRheRin SRIBAEoBSRiId plurality of MharfledoO
illustrated in Figure 2, the interprocessor control 55 of each processor
nmodul 603300mpnsesadxgamlumfﬁctcmnehqueue sections 65 (shown as an X inqueue
section and a Y inqueue section in 60 Fi ure 2) and a shared outqueue

fgt(‘:teirggcgto Figure 4, the shar ed out queue sectr ouluulnluL|MM|ngpeC' e

out queue buffer 69 Wmch perfornms a storage function.“In a"réfefred form
t he buffer 69 has si xt een words ‘of sixteen bits each. The buffer 69
is | oaded by the CPU and hol ds the data until the packet
transmssron t|rre at V\/mch time the data is gated out to the bus, as wll

~ - N



filling of the out apRihel S Sen RD1DY the CPU, the outqueue counter 77 scans

the buffer 69 to ect the data input into each of the .
si xt een lfgg,? ggg t he EMHB“JL"H’IH F\s the sixteenth word pcTUS94/12648 is
stored into %e out qu r \ the outqueue counter 77 term nates the

fill state. . 10 The out queue section 67 al so includes an

out queue pointer 79 which connects the entire 10 out queue
section to either the X bus.or the Y bus 35. The outqueue pointer 79 allows
the logic sections 73 and 75 and the butfer 69 to be shared by the X and Y
I Nt er processora.pus . ‘s eat . il ted in
Figure 3, the %:gs g@r’ﬁ F“Sﬂ°8 rOff}m Eno%?\?g%rgma du%nec%fnﬁdoPluﬁzﬁﬁ’ e k Icgéﬁ?gs ection
15 81, eomHiNgsan @Alo} erafiSchanngl. ocessor sel ect |ogic section 85, a
receive register 87, a packet 15 counter 89 and a bus cl ock generator 91.
Wth reference to Figure 5, each inqueue section 65 conprises a bus fill
state logi'c segjio ", jd .1 J W th

t he bus cl ock,f%'i sen eF“thé’Si%ft°é?‘“b%£3‘5ér‘1@F‘ﬁ‘gku‘gﬁ‘g‘q ut}?%éﬁlu?ﬁﬁ?%’f%ﬂéﬁ@s 97,
an i nggeugomprises an afflog aoftrel ¢haanelssor enpty state | ogic section 101 which
operates in 20 synchronismw th the CPU cl ock.

20 Figure 6 is a state diagramof the bus control |ogic 81

Che logic seot fons. Samed far lopainece goreplshatrbl i p fpdiopbabatich §RteAr™

Figure 8 temprisigte stdpagfam of the logic sections 93 and 101 of the inqueue
sections 65. . Wth reference to Figure 7, the processor
fill state |ogic seplovisinga cparectas beaveey af popile station and phase stationgs- - EVPTY,
FILL, ,RULL.and..WAI T- as i ndi ed by the respective | egends. The bus -25
errptylgt afaé‘?r%dé?‘:@"%'gy%"r?“fg?tﬁ 8 basically four states--1DLE, SYNC, SEND
and DONE--as sending a mebdabe!Sit'tAé @dmMatioh &fsaiedtfection, from said base
Continuing with a description of the notation in Figure 7, the solid lines
wi t h arr ostetion to said mobile statipm which includas licatieminférmation peingingdersaidst at e to

t he next s(%ﬁrt e Das{]ed arrows endi ng on the 30 solid arrows
i ndi cate (f’ltcp ch nmust be satisfied for theindicate_dtrginsitionto
take 30 tuning © RAkPecontrol channel, at said mobiltestRIONHC M5B AR loeaticaf

state machi nes running off relatively asynchronous cl ocks

requi s infommasion|reesives: fromt saishbase stationnt er | ock system These i nport ant
interlocks are noted by the dashed arrows in the state

di agranms. These interlocks performa synchronization of 35 two
rel atively asypghr opoMgicebainfinidiBieh is c’éh@ﬁgﬁghed arrows in Figure 7 and.
Figure 8 35 runni ng between'the state machines thus

i ndi cate signal s wha@luraljtycdfreontrekclfagnels iovel which base stations transmif amdi cat ed
transitions of the state nmachines. Wth reference to the
FILL stat &FYP SPREVISBG: 8@%ection 73, it should be noted that the store

out queige condition Wp‘ldraﬁ@toﬂ?t?éfﬁ@ BRI éver viiieH haseRtddons trahgnidRhy! the
out queue counter 77 has advanced to count 15 (on a count

whi ch st aracsiwsitraffiedata) at which tine the FILL state 40

wi || advance to the FULL state.. . s Sim |l arl i t..shoul d.be
noted that the SENDa%Eeﬁ%Lté’“Sfm‘ﬁ?iE fiafipm whigh ds gopnesieqty P"%Bf §:gp§)‘a§pa§t§nons

on the sehgg% of8 df SAHPLEANTRSCraPid Chbads; WAdi | the outqueue counter 77
reaches count 15, at which tine the SEND state advances to

t he DONE st at e. means, inBaid oneTofsaidshase istations, foh eransmistingom meksagedore 7

i ndi cafes_an | hcrenent t he outgueu unter 4 C e 7.

i qur 256 S ik RaHcore, el aiprt Wb S48 of RaSl e motia,vatipnis diseoPesatbE ang

i | lustrat eeni 838 oh& ©f said base stations, saibi GfibsSageancliaimgGaformafio whichoddists 16 DLE,
POLL, RECEI VE and SEND. The notation in Figure 6 is the sane
as that deseof kaid cantpelechionelsi gure 7. A solid arrow 50 line
indicates a state transition fromone state to another and a dotted arrow
line to that 50 solid arrow line indicates a condition which nmust occur to
al 'ow the indi gat ed A 64¥ei sthtiontDmprising: arrow) transition to occur.
An asterisk on a state transition in this case indicates that

si mul t¥heousl y wi t hattrans¢eivirfar sansmisting supervisony ds@ariessages omt @ fo8®l| s

i ncr enent by, on The rrow ouf put-lines_in Figure
6 i ndicat ggﬂ’%{ %%‘gfmqlﬁn%mesi035%85"?1%'1&#?%2&%@““&55%“& bus _controller to
the interprocessor bus. - _ T ,

In both Figure 7 and Figure 6 a dashed arrow | eaving a sta l!” %m'lu"lm,”“iﬂ
| ogi ¢ out put from that state such as a | ogic outpdt 4&igmal=
to a protocol loine (in the case of the bus enpty state | ogi c
75) or to a status line of the processor nodule (in the case of the

o - .. e —~\ ~



The Hotation (soli cplsishe: BdsiBeskRepiadd dashed |ine arrows) is the sane as

descri bed above for and Figure 6. The asterisk in
Fi gure Svoesii2o3d es a
is atimng diagram

t he i nquene count er 9®CT/US94/12648| gure 9
given 5 in Figures 6, 7 and 8 occur.

I'me sequence in which the state changes

5 The sequence shown in Figure 9 acconplishes the transm ssion of a
packet from one processor nodul e. §9.anot her processor nodul e at the
bus clock rate (assum ng that the i ntended receiver nodule is ready to

recei ve the packet ineans for deterlifig Snformbeuibintinded intaid Speevisers dad a
successful packet transfer w th individual mfgnal .10 represéntations

| i sted fmessapepandosaidtrafiie messagen rwhegeis saidyiralfic messagpe inchitds ofieldne bus
clock 10. . each shown. frao Ief—to-right in the order of increasing tine
i n Fi gur Bolgng towar Sm‘Fh‘E’"FSE)c M&in Figure 9 indicates the state of the -
bus controller, and each division mark represents a clock period or
cycle of the bus clock generator 91 shown in Figure 3. Each - tinme

di vi son of tB& t oA methodcdor tlansmitiivgna disconnsation, message flom Adasastaderns si gnal
15 representatiqns =istte_d by the | egends at the left side of the figure.
15 com%%‘%gletﬁ'epss?gnal s in the sequence presented fromtop-to-bottom
in Figure 9, the fbfffding a diSddafRedtionfiesdxge! ih@lubh\? 16&dfoh QhfoPmaidmGidh ne) is
t he SEND REQUEST si gnal %one of the protocol” group indicated by the

r ef er encpointsntoraatord®! ichamiefpuangd 3) and specifically is the si gnal which
may be asserted by, the out gueue.control |ogic section 67 of any processor
20 nodul e 33. Thetrgf’ﬂﬂgﬁmg gx#%éﬁqgmef:pg!an{egsagﬁe bus control state logic
sectijgn 81 of the bus 20 controller 37 (see Figure 3). The
next signal shown in Figure 9 (the SELECT signal) represents a signal which
originates fr@t t héd mobiesttipn sompusingbgi ¢ section 85 of the bus controller

37 and which is transmtted on only ong at a tine of tge @gl ect |ines
63 to a related prAcECRYYT 19pJeieaVIAg supsEvISoTY 43R MESSAESi Yhally Plep PEEREYed in

Fi gure 9¢f biftropiehhidis N brkf{Emessapd ﬂgb'tb&‘ Rreality of trafiS EldnRelsOhy PY 2
parti culgr processor 33 when thatS ro%nes o(r) ig se})éc?tgg an?qvmg]rﬁ’?{ls bus
enpty state | ogi ¢ agrocessing Snitsfor extravtingHoEation anfermation fromsd teamérdition t he

t hi t at f Fi . 7) .. Thij SEND . Al E i | i d by th
bu'sr 3éfn aFl?PeﬁagF vév' u%ledé@,a@%%ba log?atl%e% S'ere said, P@Pﬁgyﬁ?&%é@%g%%i F%éu g@f youne
US , _ i , D signal ,

Wi shing tomaaRGing sRRCKELIvesHD %%;g%o Qﬁ&toéxg'o@@ﬁh plﬁaﬁttyrol e}éﬁggﬂt)%&' signa

represents a sighal fromthe con ransmtted on
one of the protocol lines 59. This signal does two things. First of

all, this siggal in conbination with receiver SELECT interrogates_ the

recei ver 38pr ogég?g%dn%&ﬂ‘ﬁgog'?@?fig £imebite statigRcomprising; é‘eg@éi"&'ﬁr modul e

is ready’ to recei yge{\Afg a disconh in?é&a?@ V¥ér bR SirARKNGMLEDGE state in Figure
e

8). 35 Secondly, this signal has a sSecondary function of disabling the
bus &fpty state | ogcquiriBg location isfecmation f#6madaid tisconaeeti messagenwhiiche so t hat
the receiving npdyl e cannot gat n intended recei ver nunber to the
dat a bus PSREUIO! H@caé‘ﬂf’ é’ug’q'éré’if:ﬁﬂ‘ﬁ’e f- the intended receiver nodul e
33 al so have a dat g;fafktin® saidt 0 send. In this
regard, during the%tl]ﬁrre t%\lg st eﬁg@%setéﬁ?)‘?lgggssor is asserting the SEND 40
ACKNONLEDGE si gnal turting so sdid cogtroi chpnné¢lausingcsid/ locattominéormationhe bus for use
by the bus 40 controller 37. The bus 35 itself is, of course, a
non-di rectional bus so that the information can be gated to the data
bus 95 by any 3odule dldifod Rf 16k \neiol Endtiel &AGY £ blehiicd or{cRandkis
control function or for use by anBther processor n 1 nformation

t r ansf er comprisingnhe kteps of: shoul d be noted that a nodule 33 may gate data

to the bus only when its SELE dne. is 45  asserted and the RECEI VE
COMMAND si gnal i s rzs?upaggé@l?&gmllw of channels into a pluraligsof blocks; pyring t he

tinme that the RECEI : i: i : t 37
is gating the sender%( n er ofdg%‘e}mgla(% ga%ggﬁéf}%frgfraﬁgglg#?}@&@ﬁﬁﬂeﬁé%l ected
recei ver sgid@oagebchannel theraitudrel The next signal line (the RECElIVE
ACKNQALEDGE Iine in Figure 9) represents_a 50 sjgnal which is transmtted
fromihe sel ected rlav,eéﬂew@ gh?ﬂﬂ&é'“élﬁ’b% heghest pkedoblogly - lacaterd epntsd 50
to the b trol state logic section 81 of the bus contraller 37 (over
one of the protocol lines 59)to indicate that the sel ected receiver
nodule is in the ACKNOALEDGE state (as i ndi cat edL%’J}!}%mﬁunﬁywmn
Figure 8) and thus ready to receive the packet which t ror

E

nodul e has ready to transmt. 55 | f the RECElI VE ACK S|

S .
signal is
not asserted by the receiver nodule, the 55 sender SELECT, the SEND
COMVAND and the tine frame transm ssion of the data

L, - e — A A NNZR 179 Al I~/ " ¢ = . I
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15 : Th he data/ 16 line) repre t
i nfor natWBﬁs"Hgé%ent ﬂ“ NMIUMMI m nes ‘57 duri n?%@swn;“s .

above-descri bed sequence. The data is gated to the bus by the
sel ected senter processor nodule and is transmitted to t he

recei ver processor nodule into the inqtizue buffer 97 (see Figure 5) during
this sixteen 5 <clock cycle tinmé rane. This assunes that the RECEIVE
ACKNOWLEDGE si gnal C%BS . 5 . recei ved.bx the bus controller in
response to t ¥ RECEIRHOTTRREALgT,Fyem comprsing: | f the RECEIVE
ACKNOALEDGE si gnal apl e"WitioRGFRich BSAMGRILaRY WillemBite Stad 3q1s{ "2 pluraity

then the SEND COMVAND si gnal woul d not have been asserted and the bus

cont r ol | eof chdnnels, said channels igdouped énto espinwadity bEbleCkd whichtace sanked basedi n

Fi gure 6. 0. ..Wih reference to Figures.2, 7, 10 and 11, a typical
oper at i orPSp at??iat’é’ﬁtllf\ﬁl\é{i‘éo‘{oﬁlé&é‘ﬁ"%ﬁd:°“'f®{ annel in each Blgek: Ader 67 of “one
procesgor modul e 33nuids! ieiy Ridbfe SEHbRE For investigating chanfBlsiih sidtyiaéiad i n
Fi gur e§10, the pr o?gégsnlg’rlf?#ﬁi st at e% og?cogéncvﬁsogr? %ciar{téléjcies t wo
flip-fl opmsed upon said.ravkimgd B, and the bus enpty state |logic section 75

includes two flip-flops C and D. Summari zing the state
assignments as shown by the AB and CD tables in Figure 10, the

15

-EMPTY state i efipe = B ST O s 0 1.5 j =1, B
o The g 3¥CT ACthefiiyd fof Ikarft 7 disial 6n %@@:@iﬁa@é@mgﬁgc@@ VAL T
state is systemnieaVirgsa plurality df analbg and digital commuSicaiibm channeks vempoisingsthendi ng
conbinations of the C and D state variables are defined to be t he
| DLE, @YN@PSSEND and DONE states respectively. State assignnentspreviously
listed could al so L ' : LiC ; ' anpl e, EMPTY =
A. B and 20%?%%‘?%%@%1{’%%& Q‘f%‘ia?‘??‘gé’ﬁgféfﬁ'l‘ﬁl‘@p?g@?%‘&ﬁ | ogi ¢
equation |istings. ranking each 80said blocks based upon @pretasive dikeldirvddwif tfindsypeci fi c

reference to Figure 7. the initial state reached through power on
initiali 2814 digltalconel hanngk WETSin;  he EMPTY state shown in the top left
part of Fi 7 R : T t e processor
fill state logic 73ﬂeg?ié€iadcehsan %elr“gghé?/ asl}%l:}?éfmﬁggq E%éég’"la?dr gf"cw 25
procesSor unit (CPWetérifining if sald chirmel htea pigitalechaanelf that state, as

i ndi cated by the dashed _ 25 _ . arrow RDY shown as | eaving the enpty

state in Figure 7. continuing, if saidrghanaediis mpt anfigial chanselo e sed any derermingponse
to that r [ . S@ SSi . el )
inter-pr ocg‘gges{%g hg%é i’hl r g‘&&lﬁlr{éedd,g&wsg ?%fdpgf(g)\(/ﬂfsd%mg asélglrl% cﬁé%réquselog?tg%,a@d( shown
by the daigemifyéig!, oncd adiyitahghdnael I8 beeRddcated| Saiffidgitabch@nnelThi s-
store receive signal qualifies 30 iéﬁ(lsynchroni zes) the transition which
advances astracppfpardigialiraificshannel and g digigal gontrol chgnnel. The CPU

fir e, to transfer data into the outqueue buffer 69, will provide a
store out queue signal (the dashed arrow entering the diagramin
Figure 7) for ®mach T thettoddf claim 33, furthéd congstisin thBatepsibf:er 69.

Each occurrence of this staore outqueue signal will advance the outqueue
counter 77, 3EACquHAge ATAM g Thad digitakGaffic channebrlgcationtinformadount of 15
is reached,. .. s e . t he sixteenth occurrence of the
store outq&%tlljn '?lwgaﬁ%ﬁ déglfaigﬁgwlicgr%n?‘arlbanﬁl he FILL to the FULL
state, as illustratiedating safidipital corittoheh@mebusing)sdid gafofmationl s al | oved.

The FULL state of the processor FILL state |ogic provides a synchronization
condi #%on to the bus enpty state |ogic denoted by the dashed
arrow | eavi ng e : A s el . I . t he
fogic 75 in B %él;!r e';ﬂrérnéhﬂ}deotoélmho@&,cwﬂéem said [08aticH i fdHHalidh Qémlﬂnéeg&

The procefigiawifich ideatifieea Isalgser of/ shidvipliralitg rofianalop ahd €igital torfinahieatior i | t he
bus empty state _ | . | ogic 75 has subsequently reached the DONE state.
Now, ref eghanngls syithin mhich 3 digital eqnsrob ghannghtesides.at e | ogi ¢ denoted by 75 in

Figure 7, the initial state, IDLE, for the logic section 75 in
Figure 7 is again provided by power on 45 initialization or manual
reset 30 36. A method for locating a digital control channel among a pluralit} of

The bus enpty state logic 75 will remain in the IDLE state until the
transi st | grRnpels camprising the stepseRC state is all owed as shown by the dashed

The empty stat e | ogpe pei 4 PHPYRESEERDRR s b Porcs INHMFHINT )

the SYNC state to the SEND state.

50 It is in the SEND state that the SEND REQUEST signal to the
bus and to the bus controller is asserted (as indicated by the
dashed arrow goi ng down and | eavi ng the di agram 75 fromthe SEND

.. o o b e AR IFN N~ I/~~~  * "
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the 65 16 1 588 803

16 - w095112m6tqueue nci ng wi th a count RGT/GS94/32648

On the sixteenth cl ock per| od of SELECT and SEND COVMAND t he transition
term nattng tthe SEND state and advancing to the DONE state is qualified
(synchroni zed as "shown by the dashed arrow al |l owi ng t hat
transition). © 5 When t he errpty- ktate logic 75 has reached the DONE
state, a transition of the processor fill state logic 73 from
FULL to WAIT i s quarankmgcea(:tasf dad&ﬂ@kswysqdh@maasmvarlﬂ@hhm«vﬁ finding  the

done state Next, the WAIT state of the processor fill state

| ogic 73 iﬂ'giia?(?"ﬁoeéfh%t‘"ﬂ HEEFB on of the bus enpty state logic 75 fromthe
DONE state to the |fbfins chined SWittR? hidfleratkedAHANAERYa digital 10 | €avi ng
the WAIT state and qualrfying the indicated transition). 10
Fi nal | y, dhaendlus enpty state logic 75, being in the IDLE state, qualifies

the transition of fi ta ic, 73 fromthe
WAIT state to the ?"’@té‘t%“%gﬁ@gﬁ%@g{ﬁ ‘kﬁ’é"ﬁ dFarfic cgg‘“dc} A8 arr ow

L eavi ng_ tififorinatibn Bﬁhﬁg toyard a digital contfl chain®l;R@dnt a packet has been

| oaded into the o tque e buffer 69 by the processor 15 nodul e and
transmitted over t hsigisai®3odation imformation,tr lopate said siigitalroontrel, chanmklt he

out queue 15 control processor fill state logic 73 and bus enpty
state logic 75 have returned to their initial st at es.

The above descf pti 18nt DewheRHP bdid 93P RBToddbing ! fhRhéONS
indicated in Fjgure?ﬁb.ﬁﬁﬂde&é The a%??on of theGl?ogiiéct:1 ectlﬁons 73 and
75 i n¥@| vehprises the sidzp)oé description of operation of 20 Figure 7
will now be noted with, reference to the Io i.c di agmamof Fi ur_e 10 and the

logic 20 proxiding.asrald locrtinp Bf QR P4rameter whicl? poingg oA

r ef erencesub?etéifg.&irdeplﬁght)aﬁf @P?ﬁrﬁtgl gabove, the flip-flops A and B are JK
flip-flops a ge triggered flip-flops in that state
changes occur only on clock transitions (as i ndi cated by the

oo™ o AR R AN 157 1
25 15 '+ o T CoREHAR HarfHe i Wth AR sbser! STl OBl i) BEERARER. Fi gure 10

IS torIIustratethetras rom on teto anot her in the
state machi nes shown in Figure 7. Thus, to |IIustrate t he

transition fro IDLEto SY th state logic 75, _ the operation
proceeds as |>jo%ls‘gam"‘ 38 g/ge)éx #F%I" FRAGInEfUEHER GRMPRSE t he
| DLE statﬁetsg: &e SYNC state, the state variable C nust 30 be
set. The logic equation for the J input of state variable Cis
as shown in Figure pdortizing a selection of said i ofitsaid phyralifyeofrchbmmalnbaseduner al
103. Ln this equation the interlock (shown by the dashed arrow
from 2fle YRAN saig sieR O5OT4STING i || state logic 73 in Figure 7 to the
transition) corresponds to 35 the quantity (A . B) or (FULL) in the
equation indicated by the reference nunber 103. The 35 D or
(IDLE) in the 4@uat The metithdcof eldinbyl, mdersie said steprofrabadtastingnfufthgure 11
corresponds to the I DLE state shown by the legend in Figure 7.
The J in €Q1eprisgs ke 98P O6r r esponds to the J input of the C

flip-flop in Figure e t of the C
flip-flop in Figur epx}%‘dlﬁgq fg%q%ehcg %‘gwhé&%%g(r?"eﬁ?glcb%ﬁg%bé)ﬁéeuq’gi gure 7
diagrasmw || not be described in further detail with 40

reference to Fi ures 10 and 11 sin h is b hﬁved t hat &fesese transitions
as carried out4by tBe system of claim gg?" CIgi ersiaiog hireadeasty, s e | ogi c

St ol s Bl T aéi‘“a 388t pLpid L AFULERE, e

Figures 10 and 11 show the I ogic di agram and | ogic equations for the state

di agram of the out&ueue buffer and_control_ 67. Corresponding

| ogi ¢ di agr anms4&nd begususte'a tGlams 4 hatyhergisy saidjbase station orders ghanpels ‘I"G@tﬂr at ed
for t [ ?\ﬂ'gl or the bus controller 37 because such
| ogi clagi agh?&la%hs&gg equg 1 on ‘Bzf}‘é"%s‘t‘%ér ar to those shown in Figure 10 and
Figure 11 and are easily obtainable fromt he st-at e- dragr am; -

shown in Figures 6 and 8. Each processor
in the nulti-processor systemis connected to both ” j
buses 35 (Figure 1) and is capable of conmunicating vmt

nodul e including itself over either bus. For each bl ock data transfer one
processor nodul e is the source or sender and another is the
destination or recei ver. Tr ansm ssr on of data by a processor

o Y b1 o o L 1

ThlsSheetH
65 Each bus cl ock V\hl mm’agﬂND COVWRND are asserted will advance



60 words in the bl;O8ket HadBeesRadtabddng addr ess of the bl ock, which bus to

o s o552 s’ T R

avai |l abl e. Instruction termnates only after the
entire Bl ock-has been transmtted; thus sending a block is a
single event fromthe software vi ewpolLng.- However, the SEND 65

instruction is interruptable and resunable, so that response of the
operating syst4gm t qhetsysem &bclaim 42, whéréin said mobile station orioritizes reading

1 588 803 . 17 . events i s not
i mpai r ed ofpaidrsubses of chanels; based upen ap grder caraied RHFaMd base #MND | nstructi on.
Recei ving of data by a processor nodul e over the interprocessor buses is
not done by means of a software instruction, since the arrival tines

and sources ofsa4dat FheaykeinSolElBMPs, whereid gaihbast stitim. brobdcakiecad ydidg of data
is enabl ed but cannot be initiated by the receiver. 5 The CPU

ni cr opt odecation infopmatinte f frequeney on fvhich said cortral charnet gt bedoyndecessing as
5 required to execute the BUS RECElI VE m croprogram 115. This

m croprogram t akes the recei ved data packet from one of the inqueue
sections 65 (HSQUr eThé)badé statién iof CREMIY) GRAREEIh said location tiffdrmafion HicRides hhe
data into a nmenory buffer, and verifies correct. packet check sum .
Reasserrb|p9ramet¢re\yéxcbmxm&q<@ts§bseh96sa@¢@bwelSs acconpl i shed using the Bus
Recei ve Table 10 150 (BRT) in menory. The BRT contains 32 two-word
entries, corresponding to the two 10 buses from each of the sixteen
procegpor nodwees PRfeSiddt Statitn Of €lash &S, wherdineia masy shfci fudther t he

mul ti processor system Each BRT entry corresponding to a bus and a sender
cont ai ns comprisesn address word and a count word. The address word specifies
into which buffer in th(af d .S%s}lem gat area |g%§m ng data fromthat
sender is to be stdPEES 'hEUEBEREE E?B‘é‘&isﬁﬁ eU¥S  how many data words
remain to conplete the block transfer fromthat sender. 15 As

each data packet is received, the CPU m cro-processor 113 suspends
processi ng of 47.  TFhefbagestationof clatmi % rgherein gaidHecadtion informatien irickrdeprogr am

115 is. activated. This m crapro- gram reads the address and count

wor dst3 1 bRy Bl A B ope of sy @M HRes S B 1t ot he
specified area, verifies correct packet check sum and restores adjusted 20
val ues of the address and count words into the BRT entry. If the packet
caused the coui8t t dChe2dethod of cladmhl 3z evherein saifi lo¢atiop anfoonatiamingiudesia

i ncorrect_check s t he bus receiye.nicroprogram - sets a conpletion

i nt erruptpafq'%ederth’g}‘d?‘?éﬂts %?rﬂlﬁs&: Pgﬁa‘g}‘;ﬁﬂ{g&data bl ock to the software. The
CPU m croprogram then resunes software instruction processing at the point

where it |eft of f with no disturbance except delay to the currently
execu?® ng prodi®am T methpd of slaam 13;furtherontprisingrtbe steptofdat a bl ocks from

several senders can_agll be assembl.ed ..25 concurrently by a receiving
processor nodul e fr%ﬁ‘?rb‘?ﬁ nels ythin spid;SYbset 1 any sequence. Thi s
interl eaved assenbly of blocks from packets is carried on transparently to
t he software executing in the receiver processor. Only successful

bl ock conpl et i3¥ns dFheemethod @fislaim 13, twheneinissidi location aufoematien siudesiee t o be
interrupted. 30 t 1s.also | rtapt that a tine-sharing or tine-slicing
of the i HTEFIQCRL ¥ Pchb%ﬁﬁ%%tmoagganne %&Poﬂg&n achi eved in two areas.
Firstyseach interprocessor bus and associ ated bus controller allow packets
to be transm tted between any sender and receiver as required. The
circul ar polliSlg byThe tobile statiorc ofickaih |1&y whereinisad idcgtien irdgueagionng sender

ensures that ,all processqr. .nodul es haye an. e | 35 opportunity to send
over t hat"GHdes &5 16 WHeR POt 19 & nr}cs&qu%ﬁ"'bejﬁ'h which is shared 35

in tinme in an unbi ased way by all processor nodul es. Secondl y, each

i nqueue secton 65 of the interprocessor control 55 of a processor nodul e
is shared in t52ae [The mobik¢ stgtiem ok clatm il o wherpinesadd mobile stagion Thekeri s, t he

i nque&? Io%_it c. and storage of a processor is not dedicated to a single
sender f PY&*Yur ati on of a block transfer. 40 Instead, each packet
received is corr eP%é‘arﬂ'fb?ﬁHSﬂtitiﬁé% SRRy BMd Hiﬁmﬁgﬁlu&'&hiﬁhel Bked
corresponding to its sender and bus. Data bl ocks from several senders are
assenbl edi:pon a predetemined ordertdfecharngls withinssaidesubsat. i ndependent | y of "t he

order in which the senders nake use of the bus. vu"!uﬁm
modul e has two ways of controlling its ability to recei Vel "’[gmﬂlﬂle
X 45 bus or the Y bus. A B S~
45 First, there is a bit in the CPUs interrupt MASK register
correspondi ng to each i nterprocessor bus. Wien the MASK bit is on,

o, r g,



di sabl ed to av0| dmgtgread{aslsabka)lawbul ts. No packets are lost while

mcro-interrupts ar d. The first packet rece e held
MMM“D“WW m cro-interrupt IP%S“@%(M
ethelnqueue buffer is full are

in the WVRPSAEB6puf
Subsequent packet t

rejected since the Bus Fill state 93 logic will be in the FULL state and
t hus unable to assert RECEI VE ACKINOW.EDGE i n response to SELECT.

A second neans of controlling its ability to receive packets over the bus
is the actions$0 frakenodile stativhosfasisiar 1mu¢remadaicerccmmmﬁmaﬁmv, bus

receive conpletion interrupt 60 (activatio anp operating system
i nt er r upinchusies 2 Srequency on th#ew%dtﬂﬁ@kﬁomc ?‘F’Gp b?ig?‘-\é'gt ed in a received
packet or when the BRT word count remai ning in a data bl ock reaches

zero as a packet is stored into nenory, the BUS RECEI VE mi cr opr ogram
sets the X bugsor ¥nbufeth6d'Bf elaird21i, wheteinsdid fldcagon Grfoemadcreinchides £5

m croprogramissues the RINT signal (see Figure 8) to the inqueue Processor
Enpt y Sst parame@s which points to a subset of said channels. 1 588 803
18 | ogic 101 to all ow anot her packet to be received. Wen the
conpletion flag is set, however, the RINT signal is not issued.

I't is thus thSSresmesthéthbdb?claimtmﬁ@ttﬂﬁerr@mmgabemdeptufnn sof t war e
interrupt handler to i ssue the RINT signal (by nmeans of an RIR
software instructi pnpntx@mgeeemmiefqrtséldu digiial fontrel Cr@&“dl%ﬁq UPAN & occurs,

t he i nqueue, Bus. Fi.ll .sta I in the FULL state and no 5
addi ti onaredﬁ%t?&teé W?I foghapgglécty}gg sﬁﬁ%ﬂ?et_rhe conpletion interrupt signal

can tfperefore designate either a block data transfer that has been
sent and received without error, or it can designate a partial transfer in
which a Sbeck Tst‘nrmemodnoflcialme'&ledﬂmmnmlp%t\ﬂml&fﬁrﬁﬂaﬂ@ﬂ Hicludeqast er of

the conpl_etion |nte n t ed It of the check sum
error defEONENEY qnnw h‘t?‘@?‘ﬂcﬁ‘g‘g“’?Fﬁ }eﬁad)e& Fofghl continues to send
the data bl ock but the receiver discards the data bl ock after the check sum

error has been detected. This error shows up in the bus receive table (BRT)
count word asS4. A metihed fore:hstaigutshlrfgl‘beéwwﬂla diggsloweffigohanngbgad @nt from

t he descrjption of peratj o whi.ch follows. 15 The SEND

i nst r it idigita sontrol; C&@F‘Peg S{%‘P SEBYOfes four parameter words in the CPU
15 register sf Erfifyin a field iHQ fithé Slot OF aldhgnde Whidleis@ikes OBVCE is a
count of the nunber %OF to be transferred. Thi s val ue nust match

t he nunbdielérpedSHP ﬁgddr, hep@dtng wparhwhetheresaidehasnelcis asdigitaldeaffie chammel

the transfer |s to co[tgé?é‘te successfully 20 The second paraneter word
is the adl!lrae‘é,hg1 RORHS nel, fe ¥tem Data area in the 20 sender
processor’s menory F%M&sﬁﬂ REd hag BRdcRMHiRAvHieh bRCTRVeded relative The
third paraneter word I s a imeout value allotted to conpleting a single
packe?20 to chédk biteeha digital waffed chanaelsf er. The tinmeout period is restarted

for each packet transferred by, t ND i nst.r ion fourth
par ameterpword speciiRFcEnZng gadg ct‘wrﬁ% g’l@'l [fg h?m{ehéfzv%&%e)cﬁ%
used 25 are invedfed, SifeRkise %ﬁmﬁ&@nﬁﬁﬁ%ﬁﬁéhaﬁﬁa%%sﬁﬁnﬂ&ﬁh!ﬁ@ chdinel.hi gh or der

bit of the pararreter specifies the bus and the | ow order four bits, in
one specific inplenentation of the invention, specify t he nunber of

th [ t

i nstruct on, t’s{é?Zsé‘r’réeztt&&%@gqahaanas)ﬁtﬁn@l"m@%r%aﬁné?ﬂf@daﬁ A8hai t on

is th hgm&gk?rﬁgﬂgggtmg“ { pgd and the remaining packets were not 30
an

trans tructfon was termnated at that point. In this event
t he rena| ni ng roadedsingf fromea ba\secﬂtatmnedtgml trafficohannelgiincluding  The

second condition is an i.ndicati o t hat a ta bl ock transfer has
been CPYi&S diclds, a“é?fhg“al'ﬂﬁ’ﬂg" ‘??“f‘ﬁlnst‘t‘ p ’%ﬁg}r&yﬁ% $5t he SEND oper at i on,
the SEND [ notr Uot! Ofychididg? thMaHVER BediSfirst checkfifspr 69, (FI gure ) with
fifteen data words, an odd-parity check sum and signals t he
bus controller 37 tbmwdmghmssaﬁd ﬁSERd’ields;adgonﬁcnhettkhmmdm on. After each

si xteen word packet is. trans tted ution.of the SEND instruction
resumd® at the pointh m&a‘ﬁtf{rﬁ E%I“F e, pveed %& Dﬁo B the

bl ock has t%ﬁtthanflfteen wor ds, the renalnlng vvords_atefllled 40 in
Wi th zeros. @ instruction term nates when the | ast packet is transmitted.

40 Figure 5 shows the | ogic diagram and Figure mﬂm '"’
di agram for the send har dwar e. The first a ﬁmm

instruction sequence is to issue the S/ RECEIVE signal to L tMe processor
fill state logic 73 (Figure 4) and to supply on the MBus (Figure 4) the
receiver 45 processor nunber to the receive register 71. Sinultaneously,
the p0| nt er of the outqueue 45 pointer 79 is set |n accordance W|th

Y ~ v T M oy o~ — e




The.store recei ve (BifibeE ceR d causes the processor fill state logic
73 (Whi Cfyoioi12936 m;““ﬂuﬁm enpty state as shown i poliSeiBe® tO -
advance to the FILL in 50 Figure 7. This state transition
causes the receive register 71 (Figure 4) to be |loaded with the 50

recei ver: protessor nunber. At this point the outqueue section 67 is
ready for the data packet to be | oaded- 20to the out queue buffer 69.
Now, up to fifteen words are read from menory and are stored, by means
of the M bus (B8Pguré methadnfop distingeishing betavept afdigitad graffihehaspelradaut queue
signal. 55 .. causes_each td_on.the to ILLLien.i nto the outqueue
buffor  eodiEiahoEY S aa ool dabion DaePiste L Heb S

. eue counter 77. Each
store outqueue si gnadcedlind afdERirdghe fieldtifl 4S¢Hannel whiflPHaY §den bfoddeafie
advanced by one. As the words are being read fromnenory, the

addr ess wover ansaibdsiterfadencr enent ed by one, and the count of the words
to be gsent is being decrenented by one. If the count reaches 60 zero
before-fifteen words are read fromnmenory, the remai nder of the outqueue
buffer is 60 f'db!eﬁﬁidi\ﬁ%ﬂ'_ FRIrCorieidABit i sald Beld dkrd ilRak@relative toa | N
addition, as the words are being |oaded into the outqueue buffer 69, the

m cr opr ogpeedetermined 158t ¢f-exyor corpsctios bitaj and ati ng a nodul o-two sum of the

data words. After the f.if.teenth,dat . .word.has been | caded, .thi dd
check-sumword is | tﬁy‘f'gntsﬂdtcﬂ@"'??ﬁf éé‘ﬁ&l%%@%‘?‘@ﬂ"@fwﬁ@ §§italoq9f‘a'ﬁgue
buffer 69channel based upon said step of determining.

65 19 1 588 803

19 10 At this tinme the outqueue counter 77 has a value of count 15

and this value,.in conbi nati on.wth the store outqueue signal, causes
the processor P11 & Bt SBhAncomprising: advance fromthe FILL state to

the FULL state as s irtiuedr! 18F bfoadcasting digital AhfficUnanRd Bid BRaINddmERPT 00T am
115 has conpl et ed I%gg@r?gl(t)fr ftgﬁe 5 ta n%lt (l)glt he ou{Hqueue 5 %9. The

s

ata |
m cr opr ogchannelsyy waits for the packet to be transmtted by testing for

Wi e v ting for tATBERRE: for Sndbutind STAVEE el redisiedrats shanels
i ncr enmnt @dﬁﬁﬂ?élds in saié”aﬁjgg%i c{),ﬁgo]tchm{elsr;uns out or expires before the

ready (RDY) signal 1s assert m croprogram i ssues the clear
out queue (CLOQ si gmaid grocdsher gisoimehsimg, fin kdid CRVEC fagds; firtst dheck bitee Fi gure

4). This causes the processor fill state |ogi.c o return to e enpty
state as 10 s i ProsesEeTAlsQ Providing, ip drﬁ%@%%‘?@@r%ﬁ?‘?%mgﬁ‘% nat es

the SEND ppstruction with the time out indication. I n nornal
operation, the FULL state of the processor fill state logic 73 qualifies

t he bus enpty stherein!saigi firs7 and secentl elreck Hits are invertédidiatbleabento t he
SYNC state shown in Figure 7. 15 Next, the SYNC state automatically
advancds ABOWEl SEND state, and this state causes the 15 SEND REQUEST
signal to be issued to the bus controller 37. The SEND REQUEST si gnal
initiates a packet transfer sequence described earlier. As
descri-bed earli6dr, whewobileastatiendemppisingessor nodul e has been identified by
t he bus controller 37 by polling, and n.the yrecejver progessor

nmodul e has accept ed ‘?‘F?é‘sé% FIvig angr.dgﬁg@ga I¢ i@ shagmel waic | '

AO(NQMED@E?]&%%Veﬂmgjqukﬁag@cket is gated .20 fromthe outqueue

buf fer 69 through the outqueue pointer 79 to one of the data buses 57 for
| oadi 2P i nto t he i nqupnoeessdr foraletermiiing if @rarcmmseciombitiuinesaid field afs t he

sixteenth,word.is gated to {he bus, the value of. the outqueue counter count
15, in invezishyElaRYe B2 g tweémboﬁamm@pgmaﬂsm the SENDER SELECT

signal causes 25 t : Ny : i Vi ce
to the DONE state. %i@ﬁ@aﬁ%@a%reﬁws ate q’ﬁ%lta?%‘iedelé@ﬁfe\afi&—%ﬁﬁgt@ gt e of
t he processas afdipitalsdontre! tiemnel baded apors kaidvdeteymination.t he dashed |ine arrow
going fromthe DONE state to the indicated transitiron fromthe FULL
state in Figure 7) to advance to the WAIT state. Next, the WAI T
state al i fiesgot he Db nce to the IDLE state as 30
iIIust%t ed by%tzhe state %%%f%émﬁgﬂlﬁgure 7.

30 Final |y, tatrahnsiliffersfortbeoagicastingiacdigitiiaraffi¢ €hainel and » dgitabince to
the EMPTY state as also . indicated in the state diagramof Figure 7.
The EMPTY c8ptpkchagpel ysang,tigeseor i1l state | ogic 73, “provi des t he READY

indication to the m croprogram 115. 35 If the Hum
transmtted was the | ast packet in the specified data ﬂmllmllm!mmmlﬂ’lm 35
instruction is termnated and the successful block transfer | ndicatson 1 s
gi ven. I f the packet transmtted is not the |ast packet in a data

bl ock, then the sequence descri bed above is repeated until all words

L T T o



Thus, aby means of misshégghagggéafﬁegmg instruction (the SEND i nstruction) a

dat.a bl 0‘?5 of ug rds is transmttable froma sender
pr ocessor O dHee t m wg
transm ssion is ch

cessor 45 nodul e, and BELUPMAIOE t he
cket check-sum Also, the 45

transm ssion:occurs at a high data transfer rate, because the buffering

provi ded by the out queue buffer 69;0f the sender processor nodule

enabl es the transfer to be nade at i nt er processor bus speed

i ndependent of t he aiERIsYorsie AitiRling BT VOEHielR i $5AREital trafﬁé*?l%b@l- This
allows efficient use of this communication path betweeh a nunmer o

pr ocessoand@ CSHRIfitidsin zaidadigitalecontrot chepnélaand . - .

50 : As noted bove, there js. i r ion for_receive. For a
processor nodul e t&%ﬁiﬁﬁwgﬁa?gﬁgcgp‘éﬁ&iﬁ%ﬂﬁms@@ﬁ frm timesiot éper at i ng
System timeslof whilata VIRCEE A CFFPUhidddVaes fré i i entry in the
bus receive table (BRT). Each 1BRT en%sr@é@ourﬁ%%\stg;ﬁhgsggdress where the
i ncondng data is stored and the nunber of words 55 expected.

55 V\hilg thz\dse qer grocessor. nodul e is executing the send

i nstruction afle se F‘Hg‘ﬁé‘@ On COMPYHBE: t he bus, the bus receive hardware
and the m croprogr g{gadsl for recditifg 288 Pe¥ddi 5?%%? i i gtoring
the data away according to tﬁe gpproprl 611?% B gﬁrrayplt’fa%ﬁs)ggé@&gé& i

i nt er | eagstamiel wheahf hasdreen broagicasnoveean kirdnterfaéd) andWhen t he recei ver
processor nodul e recerves the ex ectedwﬂu er of words froma given 60
sender, the currenf RO JOT AgfCHPiTyIE Yhetaes %F@F&%@,ﬁ%@ﬁqﬁa@mﬁarti cul ar
bus tipanghfRElot fo timesloCONP! et ed. Figure 5 shows the | ogic diagram and
Figure 8 shows the state diagramfor the bus receive har dware. 65

As previously pointed out, there are identical X and Y inqueue sections 65

in each 65 64 éa(s)5 . e 1 588 803
20 pr o6 S99 FOMPSINGt he X bus and the Y bus. Only one of
the i nqueue secti 0p$ ebdder f dine di ?a?ﬁ feLr o
description which foIeI owg or encocing &Q&g\ ter"ef:nl P?lgla?%éggtﬁo ng%lg%lessor
modul e, ecentedf channglspatens sesond ratepande oper ation, the : RESET state of

t he f# ocessor enpty state I%&l 101 advances .to the READY state. The

5 STBADY state qualtffsmuter fing saiddigitad t{fic ghapnels aad digitghi ¢ 93 to
advance téfirdi @hfeis® S t he ACKNOALEDGE st at e. In
this ACKNOALEDGE state the inqueue section 65 returns RECElI VE ACKNOW
LEDGE to the bus controller 37 in response to a SELECT 63 (see Figure 2) of

t hat processoyr nmodul e 33.. .This indicatesthe readiness of the X
i nqueue sect i 8% 654 BOPUE StAQN FOMAPTISING: 10 data packet .

10 In tgﬁﬁﬁ&a - L f L i detail above)
t he conbi nation of the fdf%cél%ﬂg% @EEWJ %ht(gggf)%gélgggtg#fgcnebdul e and the
RECEROE COVAND si gmehngjforldetodibgia received signal aACidbieMhiniigma sdtatae waifcht he bus

fill state,logic 93q%i1dto advgnce to the RECEIVE st at e. 15
At this Sdrereived signai %as eneodednaid register 95 (Figure 5) is |oaded with

t he nunber of the ; ' P CRERS S ans In the
RECEI VE state the %itr?f esséjékﬁeni 'diegﬁﬂgfé%gé@?r ineb e gg’?dé&gcﬁ’%“qe%‘%med % ueue
buf f er is a first rate @fid forl edentifying sdid charnkbas @ ¢trafficecimaneltif §2id Fate is a As
t he si xt eenté‘u word of the packet is |oaded, it causes the RECEIVE state to
advance T %y t{he FULL state (see Figure 8).

20 25 Now the FULL state qualifies the READY state of the
processor enpty state logic 101 to advance to the M CRO ERRUPT
state as showibi n Fhemabild. statioa dfloRRD 65T Giherein said first raJRT1/8taqti &ajdr esent s
an | NQUEUE FULL st{i\}e to the CPU interrupt logic. This | NQUEUE
FULL si gMSPe 38812 v crointerrupt to occur at the end of the next

sof tware 25 instruction if the MASK bit corresponding to that bus is
on. 25 The bus receive m croprogram 115
activated by the interrupt first of all issues a LOCK . signal (see
Figure 5) to the processor enpty state |ogic 101. This causes the M CRO N-
TERRUPT state of the processor enpty: state logic 101 to advance to the
DUMP st at e. The LOCK signal al so sel ects eithertheX-tngueue
or the Y ingqueue; subject, however, 30 to the condijj i

i nqueues are full and enabl ed, the X queue is sel ected. ’mn””'”ﬂmmwuw
Next, the m croprogram 115 issues the K/ SEND signal which tauses r
regi ster 95 contents to be gated to the K bus (as shown in
Figure 5) to obtain the packet sender's processor nunber.

Using this processor nunber, the m croprogram 115 reads the sender
processor's BRT 35 entry to obtain the address and count words.

r b1 o - - - o,



nicrop}ogran1115 i ssues a RINT signal

95!#936

state |
as shown in

to
gure 8.

whi ch causes the processor enpty

advance fromthe DUV state to the RESET state

In this event there

is n

ction.

The nicrointerrupt is terninated, and software instruction processing

40

fromt
K/
the K/l

scan through the inqueue buffer

i s resuned.
40  This Sheet Has Bdefi RépigeqcOUNt i S posi ti ve,

A

fer

t he i nqueue buffer 97,
the' nenory address word is increnented, and the data word is stored into
| f the count word reaches zero,

menory.

97 to

the m croprogram 115 reads words

the K bus by neans of the
Wth each occurrence of

shown in Figure 5.1/6
t he i nqueue counter 99 is increnented
97, -
t he count word is decremented,

45

to

"As each data word is read from

45

no nore words are

stored in nmengry, a coO F rr pt il |s setf, and the
sender procesd0 vedl in a nmenof %ﬁ?ﬁ ati g aE;’hthat

event the fill stays inf PREEULL 2#?5 Hntijl cleared by
a software R on.

50 tlsus, when a dat a bl ock has| bmessaconjl st el y regei ved, the
count word wil}l _contain a val ue petween niinus 14 and zero. After
t he conpl eti o1 errudt,occurs,| no furthey 4¢s. transferns to the
processor over %7% bus w?n ch cause the int e?sr"usps){t) are berm’ttec until the

i nqueue is clgared Wt an RTR Tjhstructi onf AS the|data words
are stored i nffo3t’e meno?y, a nodul o-two suﬁyﬁpépacke% data i § 55

cal cul at ed. —tire—ciheck sum i s~bad—tirg—word—commt in the BRT
entry is set fossohus 456, a conpl etion 407432  ifdt®rrupt fllag is set,
and the senderprocessdr punber ¥ s saved ija-teonry 1AS abave it he

bus fill state;hggkp 93 stays in the FULL sigmtgguntillgcleared by an RIR

i nstruction. | f the clunt word does not rieach zero,J and the
check sumis ¢ g? sthe bus receiyve 60 ‘59 34 nicrgprogran1115 i ssues
the RINT signcl1 8‘%he processor| enpty stafte 0gi ¢ ds” shown in

Figure 5 whiclcauses—tfire—DovP—St at e of t hEp~protessygr enpty state | ogic 101
to advance to} 157-182 The RESHT state as S’g n|Fgure 8.

The RESET st atje—oft-hel0gi-Galo-l quaIifies-%he—bas—i+¥#—e&a$4»logic 93 to
advance from tthgs.2os €58 FULL sfate to thesSWME stdte as al sq shown in

Fi gur e8. 65 21

1 588 803 R this point, the | has |bgen returined to the
state it was i 20%2?40re e packef was 9:wﬁ%recel vgd, t hus |enabl i ng the
recei pt of no gaCKets These pp éﬁﬁé y be Tromjt he sane
sender, conpl e*t%3 454 hat H%lta bl olck, or the S ndy be from
sone ot her sendes s conpl et es~ttre—actTomof—tte-jbus receive
m cr opr ogr am 11%1-aged thellm croprpcessor 5} 589-614 118 resungs processing
of software instructiods When e tion
interrupt has|ogeyfy ed,| {he softphare interkgptssbandlier; obtains the
sender procesgor_nunberl fromthel nenory | ocati re that ndnber was
saved, and thg¢ %Qgg.ware jdterrupt handler candshen degect if 4 check sum
error occurred exam nihg that sepder procgssor's bug receive
tabl e count wgr 10 I'n e case jof a

transm ssion erq(g%'fs?‘l. eltount wbrd has bep 7177é"ﬁt ta H]nus 254.

O herw se, thg ~ Wi pnt ai n a vAT UE_Detwgen mnus tjourteen and
zero. 69221 renjt Moned abpve, it is| 7#a%¥6t he |r &ponsibijlity of the
bus receive corpleti-enrisoftware i i ssue t he

RI NT signal (lbysspeesss (1!15an RIR poftware i h36%198ti on) 13 0 15 reenable
t he i nqueue 64 :

15

data bl ock by
si ngl e event,

not cause soft
entire data bl

In sunmary on the receive operation,

a sender

processor

just as the sending of a

nodul e is viewed by software as a

the receiving of data by a receiver

QE‘IGLE@J?

t he i nqueues 65
to occur at bus transnlsS|on rates while
of data into menory and the checking of the data to occur at nmenory

] ssion rate on the bus insures

speed. This ability to use the hi

adequat e bus

a tinme slicing basis.

FlnaIIy,

of the receiver
cei ved or

unt

EIGHRE,

processor does

| e

until the

ccurred. Al so,

serve as buffers to allow the transnm ssion of data
all owi ng the storing

t

*gxgtrans

he

20

a nunber of processor

nodul es on

provision of a check sum word

|n each data packet prOV|des a nmeans in the recelver

Y 1

M

o,

25 pr

b1

ocessor



nurrber of processesrhﬁgﬁ‘éétﬁéssteé},r?‘

HRRHIF

nodul e 33 about nessage

over the

pr ocessOYO MHEPes ¢

packet s and- dat

recei ving prbdcessor

cancel | ati ons,
35
i nt er processor

a.

and dat a

transfers.

plpcre

T

ty

cessor

ontrol

nodul e. 33. The informati on sent

bet ween processes in different

pes

35

In this regard it should bg not ed t hat,
buses 35 |nterconnect the

processor

while th

~of el en®STLSHB6HE ol
packets are used to informthe
initiations,

e
dul es 33, a

nmo
Wi t h

process within

anot her processj or, bsqor nmodul e 33
t hrough a : 2¥2 Y=Y =us 35. The
bus traffic bet roceséﬁ)r 46 nbdul é% 33 wFII t herlef ore cont ai n
pi eces of interprocess cdnmemi satijons ahat hre 2, vafi sus 40

staes of conplefion; Many 1k epPprgcesscommuni cgg 1 ong gre therjefore being

i nterl eaved on p T FOPGE ETt -y RﬁIUI AMEDIS UIS ST The
hardware is ti nr;s' e -Rg Rt gt S AP FO6e5S bus—35-0n a packet

| evel , and 5nn|t|nLﬁ§nPﬁce§qquare ntef&o nPcaLJna,both within

t he processor ni%dules 33}andi 1186 t He A45 ext &t ngcessary qver the

i nterprocessor lbuses 35 [ n |@geSiepgd tragsacth onsagvhi ch gecur 45

interl eaved w tiTeagh Ot NeT - Ugier] o 1T CUsT €S |5, AT 1 Tgr processor
bus 35 al |l ocat g4 +o—afty—Spect+e otesS—t+orpoeess—qonmnuni cat i on.
Dat a i nfornati dais?sent| - %.e_ ssofS hus! i ¥ ane of nore packet s
and is al ways 10  ptedddaddOby a céntr athket _pntB i s Iways f ol | oned
by a trailer pdcketis b0 261 -28h1e [cont Aol packets prefedi ng the data packets
IS needed bgcause 3, PUS 52@13\5% é[edr caied 150 5 s t0 a sloeci gi Ct'f
nessage, an Me~TOntTor TP CIET €T OT Tegoeo o, correctly r1aentity

t he ssa gen‘, ‘EY ?ﬂ" M@M&M:cei ved in the
nessage. Thislinformatilon transfler (contrbl packet) data
information, trail as packets§r-i68i ngde as an 25 nali vi si blje unit once
it is started. |[The gende| RsQGeSSPr nogul e jsendg thel data bl ogk as an 55
i ndi vidual trafSTTSSTOM [ CONSTSTT g Of SOy nunber—of data pagkets) and
sends the trailrfer—55- pagiet—as—af—Reai-v-aupt—t-ansA ssi on;  and
only then is the sdbder pr 89080 indft e aHle 15 1 (HighssBngl i nf or mati on
relating to anot her nessage. ' The trailer packet serves two

pur poses. First of aflG %F’C) S an error during a data
transm ssion (and therefore the rest t data bl ock nust be

di scarded), the trailer packet indi cat es the end of the bl ock. 60
Secondly, if the sender attenpts to sends too nuch data (and again the

bl ock nust be Block i scasmlad) | the trai|l enumtraekgt Remwedes a neans for
recogni zi ng daf t eBand of Chamnels t|h@®rddaitiizy t | ansm ssi on
has conpl et ed. r matg on S br dupl i cated
over differentpatis—{sg téggt_.:.mt STTTSUTEY 21’3‘51‘iat ttre—njormation wll
get to the recpiwer)—brF Fecei-vet—ackhowedgrert—-g—8gui+ed{ (so 65

292 3y 381-406 B 1 536 gn3d {4

22 that the i4nfor fat #03r432s | eped ed ilf n@6essdryip. Any bingle bus
error thereforf cannot dauss-ass i nf@ matilon tze be || gat, and|any single
bus error wll{ToT be S en4§ay4§4he TWO gf OC§SSe%¢ Tvorved The
bus receive SdFFwarC*;HLUITH % t—thebys—regervwg—tgrdware] (t he i nqueue °
SeCt| on 65 5 $honzn Ln iEi I_g Jr‘\\l rEr'\nfLrl ] :T?g_t h I Of

i nformation frbm tHe i nduetid- ﬁitg theB 5 nor v 07 Thi s
al l ows such opgratisons ds s:aggdi ng the bus |recasve tjald e i nfofmation to be
done wi t hjout f@Ce qONghLbRns (syrchroni zatgon gropl ens) . Once

t he bus recei ve—tabreTf v on mas peemupugted, jtE—Ttert{ ock i s
renoved by 10 (eleatihg *Ergsldp -bs cBgrr{,I Egﬁgﬁ - ¥ by reenabling
the bus receivie_ni 3 oi ntler$!5-44§ ptsiby 8ttidgdon the bus mask bit
in the mask relgister. 641 -846i s| doe® twolt hi®és. It 4allows {he inqueue
hard-ware to accept a pgcket into}the inqugue, and it al o enables the
bus receive m CTOPyOgr an Tf7lans)er fghat ni orzgatr qn fromthe i nqueue
into nenory. 15 tHre—trarpiyererspt LVV%[U SYSt b‘l}g HO LOTSTT U ted that no
information is 3—s{: imm *e' Ree—{stehi as a conpl ete
failure of AC jpowels from t16é-78i nk) orB on & 1i 38 irand &gheso t hat causes

a nonentary power failure for part of the system Thi s

har dwar e/ sof t ware system coacti 1 power warn signal (see line
337 of Fi gure 30) SUPP'L‘%ﬂ&k eEj.@.r,e‘,‘sectr on 65 (see Figure 2) so
that at rmst one, further 20 pac et of I'nfor mat i on can be | oaded into
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The: i 't er pr ocessorrhbuﬁ@SHa%%ee}r!&r d by the operating systemto ascertain

that ot her In the systemare operatin Every N
secondsWOSKHROSt th Eﬁ modul es 33 sends a cBNUPRIIBket to
each processor nodu ystem on each i nt er processor bus 35.

Every two N*seconds, each processor nodul e 33 nust have received 30 such a
packet from each processor nodul e 33 psthe system A processor nodul e that
does 30 not respond is conS|dered down. If a processor nodul e does
not get its own nessage, then t hat processor nodul e 33 knows that
sonething is wong with it, and it will no | onger take over 1/0 device
controllers 41. Figure 42 diagrammatically illustrates-how a
particul ar application programcan run 35 continuously even though vari ous
parts of the multiprocessor system can becone 35 i noperative.

Each of tie—separ n Frgurje 42 11 Njustrateg a nul t}i processor
system i D NS rvess®| optil 4s 33
connect ed]by buges 35 (ijndi catefd as an X bus and a
Y bus), a ~ehR—t-otrt O—rtrer—et—ikeyboar d
termnals, ang anothqg devi cegsgcontrolgper 41 m@ich coptrols g disc. 40

The individual views of Figure 42 indicate various parts of the

mul ti processor system rendered unservi ceabl e and then reintroduced
into the multiprocessor systeFJGERE 26&)viceable state. The
sequence starts .with the upper left hand view and then proceeds in the
order 45 indicated by the broad |line arrows between the views. The
sequence thus goes fromthe 45 condition indicated as (1) Initial
State to (2) CPU O Down to (3) CPU O Restored to (4) CPU 1 Down to (5)
CPU 1 Restored (as indicated by the | egends above each i ndivi dual

Vi ew) . b8l et e b B e et @068 S80S Y st em Shown i N
the view gntiftl é¢d "I ni 'LALI%Y}?t ate" 50 at}the upper_ |eft] hand cor per of

Fi gure 42,] SnieR¢oRATAP the aPfTAcatj MPHoGrEBNGS | SPATA  heti ve.
Thi s copy Kesla systemcall fo create ¥he copy PB asla backup o which

t he appliéati ol progr 2n PA t hdé2 passeslil nf or magi on. Allzof the I/0Ois
t aki ng pl ace by way of t he processor m)dule 0. Inthis initial state
either interprocessor bus 35 may fail or brought down (as indicated
by the bars on the X bus) andMeg (?l ntroduced into the 55

mul ti processor system w t hout ‘b effect on the application
program PA. 55 In.the next view (the viewentitled "CPU O Down")

t he processor nodule O is rendered unservi ceabl e. The nul ti processor
system’inforns the application program PA that this has happened, and
t he application program PA no |onger tries to communicate with the

program PB. Al of the I/Ois switched by the nmultiprocessor systemto take
pl ace by way of 60 the processor nodule 1, and the application program
continues to service the termnals 60 nonstop w thout interruption
over the 1/0O bus 39 connecting the processor m)dul e 1 wr th t he device

controll T ES T IprTared By tne go Tr'le Nt_hahd 1/ 0O
bus 39). SYNC 8&F he nex@ABRat e of%ptl on gdiiﬂﬁ_

SySt em } = \ARL) U‘I =~ go i
entitled "@8 0 ReRored", tH pr ocessd modul e 830s now br ddght 85  back
into service by way of a consol.e_conmand. The processor nmodule 0 is

rel oaded with 65 23 FIGURE 2(c) 1 588
803 23 t he
mul tiprocessor systemfromthe disc by way of the processor nodule 1. The
application program PA is inforned that processor nodule 0 is now
servi ceabl e and t he appl i cation program PA tells the nulti pr ocessor
system o aroTTeTr _Copy [0f LNe. appl 1 cat pr min §he
pr ocessdG h PREAMIThi §Y ber copr@p@em gnEbé%Ngs)' PC. Th@gﬁ’gr m nall s
-5 conti-pbe ettt ||uc|rup1‘l O
5 & 6Next18the pr@8essor noduld2i is rend@ded i noperdRPve, as
illustrated in the viewentitled "CPU 1 Down". The application
program PC is infornmed of this fact by the nultiprocessor system

and the application program P ﬁi&%r t&g application. The

mul ti processor system 2{ erforns all of the I/0O by way
of the processor nodul-e O The 10 termnals contl nue in operation

W t hout interruption. - Finally, as

i ndi cated by the top right 42 entitled "CPU 1
Rest ored"”, t he pr ocm%m(ﬁb%ﬁender ed operable by way of a

consol e corrmand and is reI oaded with the nmultipr ocessor systemfrom
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program conti nue while sonething has failed, but also that the failed
component can be repai red and/ or replaced while the application
progr anWOMi2M$es. This is true not only for t he PERRISAI2648 nodul es
and interprocessor buses but also for all elenents of the

mul ti processer system such as power supplies, fans in the rack, etc. The

mul tiprocessor 25 system 31 thus is g/grue contlnuoqil%h%pﬁ&§%&ngmhwd

system 25 The |nput/o

dual port device controller: The nul ti processo Hlﬂﬂ'ﬁﬂmﬂewn
in Figure 1 includes an input/output (I/0O system

device controllers 41 as noted generally above. 30 The gener al
purpose of the 1/O systemis to allow transfer of data between a processor
30 nodul e 33 and peri pheral devi ces. It is an inportant

feature of the present invention that the data transfer can be
acconpl i shed over redundant paths ta jnsure fail soft operations so that a

failure of a SeaptDERE&OI nodul e 3 or a failure of a part of a device
control e 41 wi | ProdabilityBlodki t {ransf 9 35 datato and froma
particul a Se—tqri-ces 35

Each device controller ;1 has_dual ports 43 and related structure which, in

associ ati on
access to a pefi

relafed 1/0O buses 39, permt the redundant

M Il be described in nore detai

bel ow. & e present i nvention also has sone
particularly s : \“r ternms of performance. For
exanpl e, one of the perflormance features of the /0O systemof 40

the present ipvention.| the speed ( dwi dt h) at which the input/output
bus structure evice controllers 41 collect data from
peri phe i a at relatively slowrates and
transmt the oIIggﬁgﬂ data to the| processor rodules in a burst

mul ti plex NDde—at—ek—reai—AeHE y—sheed of the |processor nodul es 33. 45

As ill each processor nmodqule 33 is attached to and
handl e$ a pIurallty 45 of individual {device controllers 41; and

this fact nakes it possial e for each device cqntroller 41 to be
connect 2 to nore thang one processor nodule 33 in a
single stem Wth reference now to

Fi gure processor nDdLIe 33 includes, in 50

addition to the inty
unit(CPU) part 50
channel part 109.

control 55 notéed above, a central process%r
105, a nenory part 7 and an input/output (170

As illustrated in ﬁbure 12 and also in Figure
ital
41 controls one or

1, each device controIP' re devices ough
connecting lines 111 ¢ each device

i ndependent |y conpee q -eﬁ Ee [ n

disc drive 4548 COMECHEDNTCO ONtaderi ce Bhmvatdiier 41Ng d@,tﬁff Lty e 49
is 55 " Find DCGjt h
continued reference tO » i ncl udes a

m croprocessor 113. A nlcroprogran1 ¥5 is associ ated wijt h each
m croprocessor 113. A dd@€Cof the m croprogram 115 i s eXecuted by

the m croprocessor 113 ijn performng 1/O instructions for 60 jthe 1/0
system The I/ O instruct|lions are indicated in Figure 12 as EI O (dxecute
/0, 110 60 (ijnterrogate 1/0O, HI1O (interrogate highlpriority
/0O ; and these instructons are illustrated and describgqd in
greater detaif beloww th referencg,to Figures 15 16 and 17. The
m croprocessoy 113 has E#icess to t 170 bus 39 by way of the | channe
109 by a colrectron of paths 117 as illustrated in Figure 12. 65
Wth continued reference to Figure 12, the I/0O channel 109 includes a

m cr opr ocessor 65 24 1 588
803 24 119, and a

m croprogram 121 is associated with the mcroprocessor 119. The

m croprogram 121 has a single function in the nultiprocessor system and

t hat function is to perfornRI® [ﬂgﬁpgnect and data transfer sequence
illustrated in Figure 16 (and described in nore detail below). 5
The 110 channel 109 of a processor nodul e 33 al so includes (as shown in
Figure 12) data 5 path | ogic 123. As best illustrated in
Figure 13, the data path logic 123 includes a channel nenory data

regi ster 125, an-input/outp gﬂb®§r 7/, a channel nenory address
regi ster 129, a charagi@ Aﬁﬁiibﬁ@#éﬁ5131 an active device
address reglster 133, a prlorlty resolving 10 reglster 135 and parity
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nlcroprocessor 113. This Sheet Has Mlch RegiftEer €nce to Figure 12, a path 139

conrect a pat d the nenory subsystenth?
Thi s paﬁr‘s%&g% il %umm Bﬁi ure 12 as includi ng b&CRUSME6eBrar e pat h

139A and two 20 |ogi and 139C in the menory subsystem 107 of
a processor frodul e 33. Logi cal paths 139B and 139C wi || be
descri bed in greater detarl bel ow i n conggction with the description
of Figure 16. The hardware path 9A includes three branches as
illustrated in Figure 13. A first branch 139A-1 transmts from
menory into the channel nenory data register 125. 25 A second path
139A-2 transmt fromthe channel nenory address register 129 to 25

menory. And a third path 139A-3 transmts fromthe input/output
data regi ster 127 to nenory. Wth reference to Figure 12, the

i nput/ out put channel of a processor nodul e 33 includes a control

| ogi ¢ section 141. 30 This control logic section 141 in turn includes a
T bus nmachine 143 (see Figure 13) and 30 request |ines RECONNECT I N
(RCl) 145, LOWPRI ORI TY I NTERRUPT REQUEST (LIRQ 147, HGH PRIORITY

| NTERRUPT REQUEST (FHFK) 149 and RANK151 (see Figure 14). The
| /O bus 39 . d.and Eigure 12 also jncludes a aroup of
channel 35 t[nftﬁmamdnrﬁmﬂ,&ﬁt 157 and [159. 1!5% : he TAG
bus (T bus) FrEt=sorsres=or=8S————f{our=nes—uiahcomuonrat o, tion

| i nes, and | Peotecalrdisttimimatbr nes SERVI CH OUT (VO 15&, SER CE IN
(SV|) 157, [ JETVE oS mardyirake—trres—a
i ndicated b As shpwn i n8Fi gure] 14 and

F
Figure 12, o incl udes a dr oup datajl 1 nesg lol, 4 163,
§ é'éT?'é 8

165, 167 an
40 zﬂﬁfﬁgﬂhﬂﬁgth nes 161 and PARI TY M3 aref bidirgctiong and

serve as.d T es . an as_ T dr catrga- T yur e frr—tirere—ate si xt een
DATA BUS | il §ﬂf8€fﬂéﬁélg‘am¢ﬁml TY line 363 O in this gridup. The

| i nes END ) 165, PAD (PA 16TFW ( PADI )
169 serve es.and indilcat e oheciall condi4’l ons tlhat may
occur on the 45 data lines 161 and 163 fromtinme-to-tine.

Finally, the 1/O bus 39 includes a reset line (IORST) 171 as al so shown in
Figure 14 and in Fi gure bus command illustrated in
Figure 18 requires sone specrﬁqm %Eﬂ:he data 50 -bus 161 while a T
bus command is valid. This specific data bus format is illustrated for the
T 50 bus functions Load Address and Command (LAC) and Read Devi ce
Status (RDST) shown in" Figure 18, for the preferred enbodi nent.

In the case of the T bus function LAC, the data or field transmtted on
lines 0O to 5 of the data bus 161 specify the operation to be

perfornmed; the field transmtted on lines 8 to 12 of 55 the data bus
specify the device controller 41 (or nore precisely the port 43 of that

device 55 sonttroll gr—vhichds attached tao the data bhus 161) to which
t he commangFieldaddr essed; and the field transmi tL@ﬂgﬂp(mh)a bus lines
13 t0 15 SR o T e o e S e k] ler is to
be operat e Pmntn}ertTweMCdafmmmDI er 41 in respgnse ta this gommand.

In the casgEyo pUS T UnNcti on ROST, data pus o 2—amyl 3

i ndi cat e ouhRR FSf J@USS r or . interrupt pending. delrce bG%y, angl parity
error respy thﬁﬁﬂy Brts 4 to 15 return 60 deyi ce dgpendeny status.
The functijers—e o s i T =Y= own in

Fi gures 15 DMCC and 17 and descrrbed in detail Each T
bus functiBA TS ASSETTEd DYy LNe cnanne is

performed 65 between the channel 109 and the device controller 41 usi ng

t he handshake |ines 155. 157

1 588 803 FIGURE 4(b) 25 and 159 to
acknow edge receipt of the T bus function. Control of the T bus and
handshake is the function of the T bus machine 143 in Figure 13.
Figure 28 is a timng diagram show ng the operation of the handshake
between the 1/0 channel 109 and the ports 43. 5 As illustrated in
Figure 28, line 155 transmts-the service out signal (SVO and |line 157 5
transmts the service in signal (SVl). The channel clock cycle is
shown in vertical orientation with the SVO and SVI signals. As

illustrated in Figure 28, the service in (SVlI) signal is not synchronized

with the channel cl ocmmgﬁm@%péé}ed at any time by the device

controller in response to
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5 - The device controller~41tlncludes conbinatio@%l logic 291 and a - - -
transmyter 293 which: 5. uped. atransmts a service in signal (SW) back :
to the Dinput af, the)fllpwfIQQUZSQ. The functi oni ng of the Iog|c9

__________ The ch¥nnel 109 assert® servi.ce~
out by turnlng on. the J |nput of t he f iLp-flop 287; and when t he

next clock cycle starts; “the setvree out signal is transmtted by aijar

transmtter 293 u-wn ?ﬂmt‘@ IOCA GADIGI'I‘AL .
10 :g%; oller is
ready it ena & e in signa

(SVI) to the flip- flop 289. ThIS conpletes t he handshake.
Turning now to the dual port device controller, as illustrated in Figure
19, each of the 15 dual ports 43 in a device controller 41 is connected

by a physical connection 17Qggmggzgzlﬁggﬂ@g;gzzgug comon | ogic 181
22282%{ Ed”? The GTosure,of U.d Baimiicheitianan Serd Noc0 AP o5 cattshibn | ogi ¢
181 as fd}%&ﬁm %au}ggfgﬁgure lsst'b nhﬁﬁ&tiof;%?stem filed gn AS shown by

t he’ connectlng |1 ne I nter e cohmon oglc 181 is 20
associ al\bdembemltmxomnooquwmd heferby tefeteacelevi ce control l er 41. The

control part 187 of' the 20 device controller includes a buffer
189. The dual ports 43 shown in block diagramformin Figure 19
(and in nore detail in Figure gCKéﬁo BNp | mportant parts of the -

mul ti processor system of the pre n because the dua
ports provi d@htIpeesens invefifiorcralares feéreyallyoto faliivcomumicationnsystéths haviige ports
43 and rel ated systentconponents are structured in such a may that the two

25 contpl (qhgnigls and, gRareRastiedarlyntor the legatign of digitab gonteal charnels hysi cal | y
|ndepengﬁmtg$ ach ot her. As a result, no conponent part of one
port 43°1S §0°a conponent of the other port 43 of a parti cul ar

devi ce cont r Raliivcorinunivadon aystemg heve oagidonally Ewﬂanﬁbg(lﬁ Yaturés The

i ntegrated circuit fallure) in one port can affect the operation of
t he ot hé%?“bBFQWth aofradioca@mupination Systeme:t haeyer,chaspogpelied system i ndi cat ed by

cont r of Fepeiely P e, A3 HREE Beyert Sapagio sapl Wil Mg °' °°

devi ce mt:mg'do@ﬁmﬂrﬁcafﬁ’iﬁqmw béybond confifinéiblérance YAfesKd1a3TL UnealAsini th t he

processor ule | and communi cates with the.control part of the
devi ce wmhrmrcreasedwpa@@om b¢ providegnisthiyechanging fram analog fto digitabwner shi p

or ocessermmuiREon teehBimet: 1 N Alnebbd S GRS oy ToBRORRRRT, 1R/ o

channel trafstidring iffom Stfecshaloy AMPS dpstérh lto Redigitdl sgsteﬁxe(aj -AMIPS) which it s sel ect
bit 173. Each of the |nd|V|duaI ports 43 in a particular device
cont r ol Rew standgedizadeascEnPiR+ ed i ndependently to a processor nodul e

33 and at th t ‘. i0, t 0, . d trol

s connect ed T i Errmeh e Bt Rhbuhbh dl perlit ap W ab Al o
est abl i @6@aint dsted pti6Ako mn&@aumnmft tedMiquesii4 @halitaéde @halbfandevi ce
controll er and one of the dumlékgts 43 so.that only one ort has

control @tat)rs@andem wes edeptediin 8-54B sarthatamalog compatibiditywas provi
The dec \gxtﬁ d {af c%,nﬁ.‘m%ﬁﬁé cgﬁ%(fﬁt&o nr"'dr exgﬁtpi]eg tﬂe f§§£% tstangar%n t he T bus

153 at

45 rowdeEhfer eetht drllog 9% GighANRATRSChENRS Whiteii tRE System RPEfsreanpeci fi c
port functlons for exanpl e, set select bit, clear select bit, read

i Inlt err upezpl%qembﬁ trallfﬁc channef, mmlﬁtgttaldmfﬁg channelse and mqeotersaogm e i s
trat t Fi q)
When s BuTRTRE s o desorirodit Aitathe Pty Parfr® frfone.paion 8 8Tl gur s

15, 16 agwds.l7) 50 is transmtted over the I/ O bus 39, one of the

ports 43 (and only the one port 43.in a device = . controller 41
attached to tlmaddmpmt@wf@@phmnhem@oqqmmmmwnosymemrté@)pmmdcrwntmls 39 by

setting el bit 17 | 0ql nn n.is d ternlned
by par ¢ <ATERcHEh 2Rk s capovcatl sy el SpERSHEER bR S5 BRidB Se e
connect afbbilk RitioRar tAcebtdifig ROIS-548, fot R tthete 1286 PP Aedicited ahapgel 55
protocols in passing information bet ween the channel ang the control part

of the @eMrajehannels whidhhaneissigred thExeibirequensigs ferseach wifphe Atand B93 is the
conponent part of the port 43 gg&hereomumﬂ@ﬁeWwehes the port's unique
addr ess. The devi ce Eﬁ ress conparator 193 determ nes the uni que
address for a particular port 43 60 2: Qﬁﬁparlng t he devi ce address
field on the data bus 161 duipasg a AC thus™f unction, 60 wth
deV|ce addr ess junpers a5500|ated mnth a partlcular port 43 V%en t he
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ter mi nates by clearing the select bit. The abbreviations used i'n

Figure 27 include the follow ng: Add Conp - Address Conpare
(Devi ce Address); PARCKFF - Parity OK Flip-Fl op; 5 SEL -
Sel ect ;

5 OMN - Ownership; and SELBIT - Select Bit.

The parity check register 177 is rel at?ed to the parity generator and check

| ogi ¢ 137_of u at tP r logic
137 genératiss Mese Rl Al shimsliors i el RAES I RERNERL 0y
the por tiodhnd ataRél sithé Fredaéncyyandy Hler€foRS lcaf lbetrBRIIRPIOEAEd B thé obhle 10
aborted by the 1/0O channel 109 of the processor nmpdule 33. On input, the

i nt er f astations whichcesdde mongloc ﬂl%datgmfmse@mmlttﬂ;dwhcmbe checked by t he

h | heck, | 7 hi
Shown 1 n' B gdios e3amblen avish if e idfe Sers .oy el BE BB, £ 9 ged [t o
the 1 eQisefiBf.in af I5-7ARKystef RS to/afd\aRk doRifRAkly e tid stirges; the data

has been fully loaded i'nto the register. 15 is, The parity on
t he D bgentrel chanundead its\knowa @anga(gengmﬂpgﬁetognmhdmndroftthe celhamnel

ey At o mobie S As 1peated, al M1ar oty add sscreBiive (of indbal | &%t abl o
for the rﬁinbwmrﬁg@m@e brfe iRPbhse station. WIRATh&ife b&veddlcand nto the

dat a regl er 213 parlty check occurs on each transaction in
a T bus v@nlquartbe;dlanstate,fthanpﬂmetssananwaﬂ eveaually "lose"oradiar conaection oy theny

I |
F e pons oL Ehanes] o BHE, poh e tclo.tnf ot ettt dne MW Prelly 1o
sequencerigil funing to, an&ﬁh@&ihn&ébfté&n%l CldnnkPard el gécofpitadandi cates that

the port determned a parity error during the ElIO sequence. 25
As i || ustitomatidally byFiscannngl &) them)nmi channelsradthédr kndwen freQugnciesriber 3 on t he

D bus in respons ST, fupctio n_the bus. | f
a pari t PPERHGR 1%?&&51% SRR ﬁ%‘ﬁ hOEst I?Sh“&ﬁ(}!aﬁ’beqan&ﬁ?rba§8&ﬁ%ce t he
arit i r t I ST T
b uncriel with good SCCTRAI QAo I TORRM, WhE fiBRE sallb s PR tiRneT
bus f unchamnel untiBthe qualityedqteniortes againr lhsthmlreaued ailnmbxiae ktegjonsnarag of an

EIO 110, HI1O or recon ect selguence as shown in Figure 24.

If a par“F?S}yé-}‘Yaé’ls i b Hitythg Y Em- any sequence it is recorded by the
parity check t t I ARRROIRR Ktoa
RDST or RI ST Affgiusﬁ %Rgts Shms rHatQFe lgﬁwﬂﬁﬁc%ttflﬂgteégnr e?eeﬂréernce to Figure
20, t he willrditinish edd tﬂeenmnimdrlof digital lusdrs willrin¢rieasep dEvendfally abicof the to al | ow

the 1/0O systemtio recover from ert i n ass .o e ors that  woul

ot her wi &8 0551'3&“’ Cl:'a““FlssnY{g{ uverdt aigcgg{:y] d&ﬁ‘“ﬂ-{ H'é‘[ ‘@aﬁi‘ﬁg%s VeRen gt ched
to a parg.

hoconn SR s EaknSie gl ch f*’“f"*%e uits can repli€e BRAfent Bldllinde

t he |/ Ounits. &Qowever such'ﬂ]gtﬂﬂmly mobﬂd', umtSLWBuldsbecﬁrmhteeui sogn thesgmatogf | C

di sabl e command. Th| S |s a |Oéj ddté zésggd 40 command (LAC) T bus
functi or?°W?‘h°f¥im§?§éé’PFFE ¥ PEMVIEedon e MM ted on the D bus 40

161. AcRERRIYDS, 1§ 0RBbIL 6 pibvide il GG Chanidt p enabl e | a o
cannot be progranmm reset he port 4 |ncI udes a status
mul tipl emdmcd:ﬁﬁmniﬁhmrs S)Esmms whichi qnpmmgi%tacbmlogys sudeas that desomibeér shi p

tJ f the d controll 41 | | ted t
The. 49y STHE Soatdinon sy cﬁm%é& 8% e sopiol fampdlaeenabor nat (he

devi ce M@ﬁg S i b -id lapBf Ny ,Cé'ggmﬁ,rp SntoO
this po?tegi\%m{tﬁ#lf@eo?\grnore . dike inig g%vgrlt e‘%,ﬁ?n SOﬂan inte flace

t r ansceienbanckd "Sl&p rmedecforimghite ﬁnme»vt(wh eesultSid 10n§€11 batﬁa;t life. Wheredsus:
Parity, PADI LI RQ, H of the 1/Q,by in Figure 14 The

T ansoeiS B REoYIFS HpERERY CPRRRCIeRETIoy ‘i’?@rep%?’%‘g‘lw S RIS FRSHENREE N1 00 vhen
the por tn 3l heid £Ad e REQuchBids KoL ibhirbl BEinhOR 18'bplifiizc! DUS
153 reqtjnl rese tﬁg?ntﬂ }@ie’v?ce contﬂaﬁer 21 50 return i Porzneation to
t he charsystem Gpecity amb toesuppos hierarghicad celh Sguctenes,ohe.{ micnoctils, gatoselss

161 into_ th ort 43 at all tine a feature of the present
i nvent i &i¢ tﬁ%ﬁ“‘ﬁ?&*"b&&%ﬂ‘%‘ﬁl ot “E‘ﬂ ichannets afgnot h‘ﬁ’a ATHHEQUENCIES, with the
transceivers 197 to control the behaviour of the transcelvers as the device
55 controller 41 is powered up or powered down, in a way which prevents
erroneous signals 55 Tiiy mnbeepigepinacedhan the |/ 0 bus while power
is going up or down. This feature is parti cularly significant from

t he standpoint of on |ine |ntena€@lefg As shown in Figure 20, each
transceiver 197 conprises a e v and atransmtter 200. 60
The transmtter i s enabl ed by an enabl e I|ne 202
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28 enable line 202. This insures that the transmttér 200 (in
one specific enbodi nent, an 8T26A or 7438) is placed in a high

i npedence state until the PON circuit detects that the power is at
a sufficient level that the integrated,circuits will operate correctly. The
PON circuit output stage is d33|gned to take advantage of a

i & partbf aupsien 2B ol POPIRE Robie unicn i e BAER B8R ofe bl S0 5"

two di oqdafiedd foromenicoriigound potential, the transmtter output tran5| stors
are forced into the off state regardless of the | evel of power
appl i ed to tI‘@né ponvgntional radiceommunirhtion systam aiged in Europe, known anhthedri ver
cannot ination.of features

hi
provi des ﬁgl’ﬁ%yoﬂk?%ﬂ%ﬁl m&’g'l Ir}%t lgr s.flff%ﬁ‘ut he mogge unil SIPY SEMBegr at ed

circuit thﬁ)ugﬁ Al 6 the Gvatatle RinneR Rl ‘ﬂﬁd@ﬁnmdmom cRameNOTRR! Iy 10
the output Of an integrated circuit iIs undefined when power drops bel ow a

cert ai n locatien. techmque owevatyiis tavsasiewdor systems bavingd largetnivnbér #fid Y buses of

th t b t tol t.he t d
Cont 1 o CRUI. < Miayer, e DpPlartof SReale b-dieit conph caninelsMRRER G ¢ ot od
in Fi gurtenﬁﬂan&arsrexﬁeaba@h Wﬁaﬁﬁ&ﬁ’%f wublile altskhat GRoveagom BNoGeicui t 182

which is simlar to he PON circuit 182 in the device controller.
The PON siricecimobile luettecraomt tbunaveml usehits knowledge of the location afighg comtrad for al |

of the devic trallers 41 and. t erprocessor controls 55.
Detail s %“quéﬁﬂgb\é& ebqepwm&qqngbﬁqorépéﬂgﬁggm in Figure 25 where the

circuit is i ndi cated generally by the reference nuneral 182.
The purpose of the PON circuit is to sense two different voltage | evels of
the five volt 20  suppy. 2SUMMARY 20 power is failing, the

bel ow a_ certain | evel

circuit sens t he 0| nt wer dro

whi ch render s*4¥e 3ft @dlerl ‘ﬁﬂ’ﬁ%‘%é‘?ﬁg ?8? FeRvegrorghisysiems apd mathadt e
state orgy I ?nge signals to
pr ot ect tﬁgogx;gtng%cg%gur%t te ogl C%@L%%lfhfﬂsé%@gggg%ﬁy gges into
an undeflocaiohds ekpedited by, Tor examﬂb,epmsmhmlg ackaraly epattemeliasmzh b@la relagiveON

circuit will sen i,S a value t per cei ved en power is
com ng di ehir?ﬁ’%oggeewa 3 digital %R“‘Wi]FE‘H’ nshog A R@@ﬂﬁs@ﬂ“@ﬁllqr %’@“R:;P@at er than

the, Tirbniely Ghd pymh&mg *Hngfnzl%m%l' éﬂg)ﬂ{?éltléc&tﬁ Ogbg-lnﬁ or?)ﬂﬁ otfe? Thindefy. ! he

systen1to el mna 1 ons O

PON circuit sAeqosdmg te abmblary embddimmms of therpresens maﬁomrwmfelst dre volt age
condi ti ons unt jJ e t he ot her voltage condltlon at whi ch

poi nt i tgfemg@? E{oci’@@m)l' I'?i? ha%re\m inggco ance with theTelRiNeci rcuit is
in at arﬁkeﬁﬁ{x&d ?ﬁhﬂﬁ er Sd?éﬁa? E&t?(ﬁ%él%ﬁ?eléﬂ leh@PFiokEY A H@H%hﬁrlaﬁ rEl‘?e:n

transacti on
circuit 166R forha dighabeemtsl chaand) rwithie atiiphest rinked probabilitg eblodm fdllmtedt he

power is w thin predeterm ned accept abl e operating lim ts for t he
devi ce &?n% sefond rhlﬁrPSt Fankeqd probakdity b lock-and Josom, ginti} 2 digital capisel channel
predet erphpedy acceptable operating limts, the signal output of the 35

power - on CI rcwt 182 is used to directly d| sabl e the appropriate bus
signal s of th&cabedingeto other exemplary reaibodimeits of the present invehdomut put of the
PON circuit 182 is a binary output. If the output is a one, the power is
wi thi n Jafqrevaten say beinrpyided pp qtaes chanasls ,saf:hag hanpelsior analog zer o,

this is 0 elimt.
40 c%“njop%ﬁﬁﬁs, Qv@%iﬂbgy%scﬁi?tm%!%%esumm in &{'}rg}(,avc%ﬁa?@c% (%24

descri badigital cdﬁtral thammkebear be fmmd or a group ofnohhnndluemihm wmhmndlgmill er 41 and
has seven output driver stages. which ar&éﬁsed in the gl i cation of
the poweonggl ehanagl ?*“!Lb? f‘?‘B‘ i Hs, VaY Wsiesadion dirocess isexpeditsd wiee sanme
power - Orbo?ﬂ éH W"%gh %?gea%l{'t%t he CPU 105 and the bus controller
37, but ose app |ca I ONns power-on circuit will have a | esser

nunber of outzptttordirngwerstmt fugther exenfillary embodimentdfithe pﬁetsératxmbniuanﬁ gure 25,
the PON circuit, 182 conprjses a current. source 184 an
di f f er erphife uRipcan reseivegipformation about digital gontrel ehﬁmah loa%ﬁﬂm quring el has,

25, 0 | @i FUR S RERARSAI oA SPEGREC e roces ofBBE | 0t o

the 50 voltage that is to be sensed b%‘*t he power-on circuit.

50 The r ef er enceThiali® e  FHAGHT £88°1 s establ i shed by a zener
di ode 192. The different§ 4 FRBpIBTi er 186 conprises a matched
pair of transistors 194 angd_196. The vol tape applied on the line

190 |s det erm ned by re5| St 6rs 198 200 and 202 The re5| stors 198,
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65 ot her port 43 of the device controller 41.

65 29 1 588 803

29 Finally, the PON circuit 182 includes a hysteresis control
230. The hysteresis control 30 i ncludes resistors 232, 234 and a
transi stor 236. I n operatiog, assunming that operation is started
froma power off stage to a power on condition, the power is

appl i ed dehuriitwhé {girﬁ!”'éonw chnéBi lbeattd imAtedibel fﬂ*téradall%ﬁblhﬁhﬁf 5
186 and to the main output control transistor 214. At this time the voltage
on the |whieh iopartisulally useful in siniagers whene theenobdletmepeddn atnew celhduri®B so t he
dlfferenélal anplifier 186 holds the output of the mai n out put
control ¢ &4kistor 214 in the off state. This, in turn, wll
force the output stages 216 through 228 on. This asserts the
output of the PON circuit 182 in the zero state, the state indicating that
10 power is not w t hBRIEFCBESGRIPTION OF THE DRAWI

10 As. vol tage r,i ses, the i t volfa on I| 190 Wl | increase
until it equalls PFEY F’!ﬁgé\“g T, Objects, P%gﬁ%"ﬁ{a ‘g’ pgﬁseo PI9EM 1hi s poi nt
the di f figveifibh i1l &&thbhd z%d&y%ﬁn@krsms& ubb réing @B fEldwing detajled CONtr Ol

transistor 214, turning it on. This renpves the base drlve fromthe out put
st ages Zie&:nptlon in conjuncoryvithabe dfawingnin whiehe out put stages of f. the
out put _ of th gurgg |r Cut(tpé%%zﬁbég ql?cr}x gxo%ngiemplary probabnldty%%cl:kngchtgglgg the

power is wt ta

At this aEEBrBfngttBQh@}S?ésﬁﬁteﬁbémﬁﬁm rol circuit 230 conmes into play. Wile
povver was cont ng on, the transistor 236 of the hysteresis control
circuit 230 vdgurerd(a)imstrathe an eaersplatyodowdltnk digital traffic chanmel atoerdiegitst ance
val ue of the resistor 202 appears to be |ess than the resistance val ue of

this  the presepidnyenttiOn; 202 i's when the transistor 236 is of f. 20 The
poi nt at whi qi] RO BRI E.Q&Egt nO&HtonAl dpiRRSd I chdthBs on is the point
at which 5 (Byiis ysctoerée}gs t ransi s‘f?lor turns’of f. Turning off

t he hyster em&gunea‘a(e) ﬂmstratﬁsﬁn ezempiarauplink digital contrghchannélt sofeformatp i n t he
line 190 which fgtLther | at ches the differential anplifier 186 into
t he cond‘F?‘?TQWgV\?H %Pfqﬁmdﬁ“f’?%mti al anplifier 186 sustains the main output

transi stor 2 ; ON
circuit wll ]ﬁ 2r€d) te% %ﬁt %@t Q?ﬁxlg}]k é’ﬁ%tﬁl -E%Irrgllgiﬁﬁglu?&u{o?ﬁag
control acexmimgcm tﬁé@r&samamdemim out put drivers 216 through 228 off until
the plus five_volta pS belowalpiwer thre hoId point, as

determ ned byFigWE V512 Q@@'%&IW&’GR@HP’FMW method for locatiig /& { ne
vol t age erence vol tage on the |ine
188, d?éhatl r&%&té@%ﬁ%%@&?ﬁ% voPS’g suttp%?yﬁt?;g goi ng down in a power
fai I'ure condiHigame)4(a} isemtableewhich iBGstratiisf dncexenplarly mespdgefformatlftGotdingns of f

the main outBut control transistor 214. This, in turn, 30 turns
on the JRtPRPregENtyBYeNORges 216 t hrough 228. Since the

hysteresis tr fs ﬂﬁm@% erﬁaép plied to
t he Iﬁg%[l&tsé@ ﬁgb@h%r%wt - \ég{rm t%@gpm@g%ﬁ%@?%)?ﬁer t han
t he poi mhoretdetdil; @hdt he PON circuit 182 sensed that power was

it hi h il h ¢ |
\c/)\npgr ;? i gne a Ereagjls a uoc tds agqgrrnlo exen%?a.ry rrauil 8 cgm%su%lc%uon systgtg

35 «  accordin Ttlgl %&éﬁ(ﬁ%ﬁ@n.or hysteresis is used to inhibit any noise
ontheflvev r supply from causing any oscillation in the

circuit that woul d erroneously i nd| cate that power is failing.

The PON ci rcwt 182 shown |n I ery accurate sensing of
the two vol t ages us€Ee~3 FoS S =t to determnelts state
(whether a o ERerRblia msédnféﬂts £ the presed c

In order to gﬁcrfggdlﬁ%ége et y%tage‘s veroy ac uersgttg "gﬁn g&ﬁm rcuit must
have t haechniques can bamadd, Iaxlhy:r adgethempe irgfividoalyf, ao expaduteahe aaquésitiorcesa of t he

differenf c onent s a al.so th ) capability to conpensate for
changes 918t SApEplghapae giﬁﬂ‘ﬁd“%‘ﬂgr%W% In the PON circuit 45 182,

Lhe zener di g deinite WhterPEbe ieit6 ala Be'hobiftl @iRhindGof TRERR L ed for
because of its tol erance onpens t|on i's
provi decobtrokettanaeli is go tgheup Ehel a&hﬁabld%quencxes into blockEewmirel ateuassignedrpensat i on
i s achi eved because the zener diode 192 is an active zener di ode
and is not a passive zener di 6die.is Bid esplhoemdRnPRLAL Ure conpensation is

al so achi eved because the two transistors in the differentia
anplifier 186 are a matched paJI of @rpggq§nans 50 and the resistors
198, 200 and 202 are netal filmresistors. 50

Each port 43 |ncludes a nunber of Ilnes whi ch are |nd|cated by the general
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there are two sets of each of these lines in Figure 21 because the
interface comon | ogic 181 60 is associated with each of the dual ports
43 in a device controller 41. 60 Wth reference to
Figure 21, the interface common |ogic 181 includes the ownership latch

185 (see also Figure 19). This ownership | atch determ nes the | ogical
connecti on between t he |nterT%ce comon | ogic 181 and a port 43

207, diterent prafue gt SAROF e Shie oo S G T BRIy (e

Eoggshgggﬂﬁfeﬁ uf ERN HlocleS In this manne3Ghe time required for servcl),c(:? acquisition by the

addr ess mobilectationrmiay bn:s;gmﬁmﬂy(dommed (Thetwo tables depicteg) mI"FIZUEalr(a) cuI ar

operatian in the, co nd f| t receives
t he funé‘f"fl 3?}3 are exampkz % g‘ﬁ]‘?ﬁ%ﬂ@ MW?“"%BPP%S‘&Y l¥’09| c
exam negar Be af n&tffetéﬂt Qelﬁﬁﬁ?pﬁdbﬁbrﬁhés for suppomhg ita® Boriths] dﬁamq Then,
if the command Tield contains a code specifying a take ownership 5
command acquisitipnr tSIMady\athure.Ssl[Q)sami &( rm&tsenbarwtertsndl evamplehiThis at ch to
e interface co apd, t.hence to

connect ort

Che contéBRidiecan b used by mobile, SAfion, A rsarfive BREY Tor digth CoBiRLREL) o
speci fi [ r bitrot (Clear the
port's ‘i’&aﬁo& fdér?ggﬁéﬁn%ﬂ{{g% ﬁﬁskg%}géd;twﬁ%ﬁl%appens gﬁir.rﬂ:@ﬂ;ocﬁ%e devi ce
addr ess 1rifnehatlmn(dekmbadthe§ow)at Emnos a mobile statldnehqscrecemedjdigualecwndnl ess

j unpers, and ar, i error, i s det cte durJn 10, That is,
ho  conmieiinet asafos dp H%“’t‘éﬁé" B s ity agionin gy )tméf??@n@%*ala%d 't a
parity ted onthe LAC

consequ ?\‘E:Héblm%%hef’g d%anng‘li ‘i ssuing the Take Ownership corrmand gai ns
control of tRmoteritechniquet forlaiding 4, mabile irhits edalnedr fqvar digiéd ¢omtrobgi cal |y

di sconnect ed, . Tak . . . Omership al si o cause a hard clear, of the
Cont r ol CBATE! sriBeiaen digitak comIET GRATTEk JREAGr, IOTRAHOR EcKHBREN OFIEr Shh 155
det er m pgs wgﬂhp Sk

mul ti pl exer le&d&w}:tgh?ﬁ? gﬁn%‘éﬂf"% ‘PR%IC%S Exflglgig%!}[anft% “éhléel %egﬁch I'Tection,
it staydor thetDEC, its search candxeeexpedxbdd aFGadneu@Mleths kilgmbomntmicthamal ecei ved
by the ther r Assertion of the e I Wi | |
o 50 c RSB, A e ParaEiE? it caRobe, Blgcsst o the efilararts Shannel ARGinah
state o 8 D S al s
a6 oS s PHUERIEATh (Rt mdBRc w3 i BRATE o digfd congbp Bidl, STROT

appr opr iDiL identiéiep fort the mabilesstatibnothe RF ehdnmehwhichtoarkidsya digétalhedntsobl exer 211
to the control éfart 187 of a device controller on a set of_ control lines
215. Dafhanngl.g ding rupem the, number of bits,sailable 4p exprees Yie Phanddie s 43 on

i nes 2 ent ed
to the ggﬁ@’r@ gpf‘gﬁax{g&ﬁ;&ﬁ% an?&Busd?B'a'B%ﬁghg&gg aérglg?% %hanneloqn &ﬁ?\cont rol
l'i nes 23%Xigidlecontrobehahhelyesites ordteniay arrowt the lsedrble tovsdrhe phtaseosf 40 in 25
selecting i nformation_fromthe controller, as transmtted on Iines 219, to

be r et uPRasibigchappels. For exama!ﬁuéf & ddit PLijs provided, ttbe“c RE yadwessl.48 (Figure

20) andth f 33. Aline
221 returngfzwa ﬁl ce ress amﬂ?ﬁ%&ge&;ﬁ% ate (?59‘1561{%6 the | bus
201 and redpectively.o Thine, for@xainple)df a Migital coﬁteol cham’ﬁilecdqﬁa Mﬁamuh&&rs hown

in Figurg 19 is illustrated in nore detail tEﬂrgure 22, In
accor darife thint Dl ¥aige of 8nW°‘Flﬁ\P@rﬂePbﬂ“ ﬁl%wgml c ghymsls !@oth@ sne &Y. 41

i ncor po r Y tion at a

rel ati vgﬁk%ﬁgva\‘/mrea?fz rom a pe’?“’%rﬁ‘? Jc}girm C%ﬁ&bl élﬂﬂnél%%nt en transmtting
that i nﬁmﬁomhuom Wit instedticindicatsahat mpBEcinfomiaﬁen iy being provideddsy thet 0

maxi m ze channel bandw dth utilization. 35 In the buffer design
itsel f iSYS®¥®.inportant that the device controllers 41 be able to 35
cooperate w r g ;avoi d
crror cond t{OKE D Vi ark GelfinBiel )y 28 tnldich 15 oA HATTDE Wil 38

cooper atsentpo‘romerdlgnaltti'&fﬁmchhmm i), ﬁmfekanplelbﬁ posizions 314 to 3240irsaMXMed to

10 sk “bits 3§ oS by e smemplag dleoel nfiataane) bhsk Roblc et { or
(Re cnancel. 1ot Fure 2(e), T gu,%}nda?svgefsmgg Qatglﬁgl@srmgﬁgﬁteg\l}\é gl

all higher priority Vi ce ers prrority
device controller 41 may be Sﬁﬁ,gl,@%aﬂﬂ; Ht%%%%{‘em | at ency of t he
xhaust i

reconnect request can occur w t hout e ng t remai ni ng depth of the
buffer. This is ‘call ed Bufffe }'Jt eos-m)l d, abbreviated T in Figure
23. 45 Secondly, after t it ~’buffer hag Been seri ced, it nust wait |ong

enough to permt aII Iower 45 prlorlty deV| ce controllers 41 to be

o o o oy o o oy



associated with it on the sanme |/ O bus than another controller at |ower
priority on the sane 55 1/0 bus, and therefore the higher priority

controller requires nore hol doff depth than the 55 | ower priority
controller. Simlarly, a controller at low priority on an I/O bus requires
nor e t hreshol d depth than a cqp%[oller. at higher priority. The

buffer 189 in a controller is constructed to take advantage of the

fact thaloqg NELIR ' Fleffl Bihé ek il €DEASE bdiound in conveRficii %-34m

r equi rerre‘“nt ases, resho requi renent |1 ncreasés the

hol dof f  baGdto-mebilé traffknthatinelr shars aad thdhinterested eexdepisi refezrbdteretdforg t he
stress at which a recaonnect 60 reqguest i s nmade variable, the

act ual saddinegaldafrmation. Fixemplary wplink digital traffic ghanpels uplink digitakegntsob)| | er s

at hi gher I Welghh i ' avale! f. ion. The
buf f er ch%ﬂ;l, %}éﬁé%&@sﬂ{*g@f%i) g"fﬁ@‘hﬁ%‘%ﬁ“&‘& tc‘ﬂg%wa’s (r:]“gsrgg@%% eshol d
dept h or 2@y, (c)cmdc2(dy| espectively, for reféegrice anddater diveunsionl AT skilled ihhe sum
of the worst-case threshold depth and, worst-case 65 hol dof f depth. This
al | ows t He prirwill-appegsiate that ipghesibit pasitions cap deised farthe (GIAL fielbin thg slated 65
31 . . e .

31 howeyer, ithis PaTHCYlas RPSIHOR 15 afyapfageous in &‘afr’ﬁ%ﬁﬁ‘fgrg%"r"d%fw fese

par anet ernfevdbesly ifised REVD fidld of tiedd®@onlink digiialrteaffid charhelFsiotsr of 18354B.ne

has been plotted on the horizontal  axis versus words in the buffer on the

verti cal lathis way; chgnges to the)l-34B alyjpiesface are minimized; qFhese RSMD piss ate D on

t he upper o} ' . (an sum buf fi 5

o the T ity REPaE T inets o inknoRy U AR Blledyuleiles Wlen 30

i ndi cat edodYioh ifformaorPhas been prolided. 'ﬂaﬂ%??dsﬂbﬁitﬂ%ﬁld_t besprovideans i nues
wi t hout any reconnect signal bein ener at ed. until the buffer depth

decr easePk intprthe Layersh ftamedefpth BEC, ndi cat ed by the intersection of

the Iine of sl 7 Wi eshal th. Line T at ipt 223. 10

At this point ’f‘%?“i’%&%ﬁ%%i‘é‘tr{@q%igé?dg‘i"gnﬁa"ﬁ? Bresett yehidh, B sBAnrer 1 Ot e
by the | eggitrs artQalid candidie$ fi6r dﬁ%ﬂélz&iﬂh%l chafingl &dRighiniéhf. € Casidering that The
transfer of data continues fromthe buffer at the rate indicated by the

| i ne of d$hePd does not ngeessarily tuniquebiojdentify anyrpardcular chapneli ngmber pitiiority

device ¢ L.l . i ' . . i in e request is
honor ed 8{% 1{#«# @ﬁgﬁ%&%@,&%ﬁ%&% ﬁ%%&’c i‘iva?rlﬂ’efm%%g %‘gqgtsgat:ilg rgorr ‘2315 nect
sequence coftrol EHaanélevithia eacin chaineEblock identified by the DL. A mobile station

15 At point 227 the first data word has been transmtted by the

channel TFeceivigg thioDdevalue associated with pPartiulas ghansel bywk willgnatautamaticaldy 109
then t f dat . i ndi. cat ed. t he, i f sl
Reorr ] AEAseh " Bhfhelf 6 g skl Seardtor ¥ G conmat ehaogl i B Hoe o o
41 conti ridegrdhreel Witk $iS pridfity sodeiiés Phils, For &Benplé, for flatibtwi@_toftihea rate

-Rlerr] so that the overall Tate of |&Biét to the buffer 189 is indicated by
the 20 mobile station eould pxgreing(chanrel numbersHy througle 1 istarting with charrich 8fthen ed at

the point, 229. . At 229 the buffer..is .ful and the device controller
di sconnec?t’se%(_f'rm ﬁéergiﬁta n@lKI %leg%f“(f%f‘hgl melrransfer cont i nues at
the rate indi qadvask Baschibed ekemplaty @Rehnifi& which can be used tfexirbifd ten t[err]
in Figure 23 indicates the time required for the polling and sel ection of
25 t hi s location ©f aodigital) goatrob eliannghk atherexemplasy embedimants ofibe preseni s wil | be
di scussed_aqgain helow {n, 25. r.elatiqQn.to Fiqure 16. . . The
ettor B MPEPORD "o bR deitioed wirstif sk Wcriplouch ¥ et it vAEOYS o dynami c
par anmet efsjtuations. ﬁd}eeﬂaﬁfwé, handf with) Yeferdnted €0/ bRl fldw IcRért lof w%ﬁesg Siiposd Gt t he
device transfer rate, the channel transfer rate, the nunber of

devi ces & mabile staton issseekingraodigitalscontrgl channghem the ArBandmamiar doan IS-3. The

pur tor " Sy AT shoel af Block 195 o moBIE WA M e, b el B 7
rates andnformatdhis dvailisle iffthe mobile dRviba cthetdhahnelawithinathe héghestonaked ent | y.
Figure 22 is a block diagram of articul ar enbodi nent of a buffer 189

cgnsth r :Jg jsebability block, fee e*amieebi%pfii havingoehasael nunthesh 1126rin thigureclddpl i sh
556 0 %icgﬁi”@hsgﬁiégi? ge %ﬂaﬁn@@u e mobite wu'ﬁgi%%il 4 ik ;&&:@gﬁﬁ teld o gl Gn 23

fle devicée con er nues 1o transfer
dat a wor demeureddterniified criteriabUFdregxaniplé,8 deséribedRhasiodk 20) thkadritérecaver al |

rate of input to the buffer 189 is indicated by the | i ne of slope
Rlerr] - Rerr] until the buffer is ' it kRei@t the point 229. At 229
the buffer is full, and'' i?eéhge&ggéggg%nt rol l er disconnects fromthe

x40 at the rate indicated by

channel 109, and the data transfer g.co.n;.i:g :
S8 TRk 40

the slope line -Rerr]. Tt
The notation t[err] in Figure 23 indicates the tinme required for the

Y Y

v

o o,



depth required while acconodating high device transfer rates and al so the
nunber of devi ces that can transfer concurrently. 50 Figure 22 is
a bl ock diagram of a particul ar enbodi nent of a buffer 189 constructed in
.50 accordance with the present invention to acconplish the hol doff
and threshold require- ments ill g?t_r ated in Figure 23. The
buffer 189 shown in Figure 22 conprises an input buffer 231, a buffer

menor n f -' b Ot an out put

poi ntgr 2%33"’ 'B&%Te? Sﬁ?@%&% off ?% ngg%k lﬁ% gt%lbﬁﬁ'ﬁ;y 81%5 (descr!obed in
nor e det AlibmaiRly; thel CRartR)s commmtatrml mXxﬁImlﬂ#Ed ameﬁeﬁﬂ@d:ﬁeombae Tabs, the
buffer control Togic 243 and a stress counter As al so

i || ust r amobil¢ measuges thesignal ﬁmwbwssbfof@amqlmwﬁ and rrasks themeld grder and

Cout 1 TG yrpmesaS oreakd, TR gt sEber teneth stmmnel, SRR Shibel KR R,
group offdrrimstdxdcum 119 ghendgeldtrott R teddihg bt biBek 30| ITE thi§ Sklbeted chame) 217.

One or the other of these two roups of input signals is then

fed f r om¥'Hie identified 38 fancanajng)ichannel at dl dic: ceithes 4p apalpg Topyrohchannelp of

lines 251, There Sl.xt 1 LS, .t from
the but 18 an,iaLTe, B Rl e e Yar, RS 9 blgek 0, whesB the nbR B

l'ines Z%katat@nem selestedefor 9éadin}e Iff, ®Athe dther Bland, chald® 'XutiPaididital f er 335
transmits the data back to the interface common Ioglc 181 (see

32 channel, then the flow proceeds to decsgw lock 50 wherein the digital channel is

.and. ur on rQup-of , Si xt e nes 9 and to
the devi '5‘8%&2]@8“4 ‘?% SGE"QBS contr cﬁ@'}"egffq agt?%?ﬁ(?&meh Eﬂbsulrdgml@caéﬂ §a@r oup
of si xt egpérfdvafedina a@ét? d by the |l egends in Fi gure 22.

The input and output pointers 237 and 239 function with the nultipl exer 241

as follows. &s an examplegfor alistingbishing hetweanf 2 digital traffio ahaenal apdta digitdler 231

he buffe 2 h d
e but 1L ARYeD 43¢ 18754, nden vil pgrh U8 sed 4. srafive ReBRRR et e
| ocat i onaeRéuhRE 38-54REdipREIdrafFic Whhdret And dn%ltal conthst 'ehaieR downlifk S0t

transferred out of the buffer nmenory 233 into the output buffer 235,

t he out pisrmpbhavecstrneffal snmmnnﬂttyeah S&ntxhé’lgnrks @(€a) ardni(c), B23e nter@sgh t he
rrultlplexer 2 tod er m he lqcatio mwhlchth word is taken.
10 P ST S5 IR RO 19t WRCRgITigs & Cigifa COnftol cRRRrel FEB | n Fi gur o
22 and Ff etrffﬁ FirstK fbrdReestih sbuf fer
189. In %lg#é] reggrcgaﬁ&he Jgsé’rgﬁﬁggﬁégeﬁﬁf ce§1 QﬁéC%?@e%g%%lgln of the
buf f er i digitainErifecatiom celor lcodd a)&rﬁfbcandcsnpcrﬂ‘rarﬂee(Sle’a dieidsy there hrer lwpps ¢

to the pr.ocessar,.no e t her. i nput or det ne t he degree of
stress. p@fsr%s"flg Wﬂﬁ%‘raé'g ergat in e&émé’?gﬁﬂgéb yor hd ?
decreaseg Qx’%ilés? ﬁ%ﬂ&P@D‘é‘éé‘E&Sé Fp g transxﬂﬁtedb abasé%téﬁ'%‘ﬁ

i mpl errent t|on shown 1 n Figures 22 and 26 the stress counter maasures
i ncr easi ergors introdiiced simefto aadio- chﬁnmh lmpam'mpmts,, haweledemay ghangg the exeat for om

0- 15 h
woul o adWNERIFRSTisEe] Geufords difer Bpos frey e retaivel By POBtR, SPPNY oMo such
that twog \P&@t\ﬁ&utfe@xe%ﬁ@ &&E%&%M@foﬁv&é& refhve PR hel'Bite@r StT eSS

count er measure I ncreasing stress.
20 theWDWlebnSecmxddiy,rthéél‘mWCE camtdrit gsi fired fromaslohtnsied on edigial | i ne 215

(see al so gure 21 a deyi.ce st line 257 omt he
Contr ol *(Barc thene] Whegss tbg conieabl e, GFH Cigmiges In S pRGHIgdRshePn FaMcar o
access tgqt Resiudd grdlé&? control chanfdl€ nul tipl exer 245 chooses one of these

| ines as a request Increase the buffer fullness 25 and chooses the
ot her line asAaotheqdfsahcmmt whichecomid béasdais fthat thelbhatmsbcdlhwdnd)n t he

o' the pieiseviog srpiayed on 2 il gt P bt Rt DaEmbloyed P | noss

Is al so ﬁlargﬁ lt% e 49 or 217
(see Fi g?} 2(%?' [ n?o ‘e?ﬁ" a{hdgtggsb%ﬁ‘gpg%%é ﬁesg g?"iiﬁﬁd?{-l?‘nfe}:o%

The chaneampledhe hﬁsgxdé\trafﬁc nhgnmbtmgm ttsbd/bnﬁté e:odmggwlale mb@hgimtreomtrm, and
t he buffer 30 control | 0 43 servi The buffer
control Fhgnel uses 14 Rie & 'Gﬁe Teoxgr, “375335 i"r&ég %@éﬁé{lgb figlds hol ds
the ot hepayel difterent ffux’ﬁ:'ﬂ halityba L@l ¢ f&%ﬁhdepgﬁe%éﬁahﬁﬁtcmn oﬁéé'crhvéfced
the first request, en 1t services t er request e servicing
of a request by the buffer control |d§iscis28 f?h'éP%E%‘ HEL ol | owi ng.

First of all, it determnes the direction pfs iLansfer (into or out of) the
buffer nmenory 233, 35 and itassertspgjigie o1 (eormfect ed to the nultipl exer

241) as appropriate to select the input 35 poi nter 237 or the out put
p0| nt er 239 through the rrul t| pI exer 241 Secondl y, on an out put

oy T r "~ AN e 1 o ~ SN - o



Thirdly, on a output transfer, the buffer control .| ogic 243 asserts line
265 whi ch acconplishes the followng three operations. 45 ° (A) The
buffer control logic 243 wites the word being read fromthe buffer nenory
45 233 as determ ned by the output pointer 239 and mnultipl exer 241
into the output buffer 235. (B) 8The buffer control |ogic 243
decrenents the stress counter 247. " © The buffer control |ogic 243

i . i 7 d
when ¢ e el Bt BP ERLR 5% 2y s poy, gehald SR, SRt BlspdigionC° PO "0
t he out phgwevier)efol aanosdetailedi explanaléh of the functionality of these fields reference

50 The output of the stress counter is decoded, and any one of the
decoded isamagdego the aprve-incorpgsased applicgéan.fy that the buffer is at threshol d

one of i xt oclf R ke 1CF ARl Bl Hobhet men b TRAAG BRERIES |0 °° ° g

to the citaoiplishbddts \;ftﬁgah@@aéﬂéﬁqﬁo&ads fethe ENDb1ddiQ Ifeaﬁhn@ombﬁhan@l ue. 55

The control part 18 t he_device controller uses these three signals
(whi ch cehanree p&nds & dligita traffic chanael, dhem e process maves mly ock 6fuergiB donnect

14 and o oaetirss ARG P IRE Bielh SR bt ingles figIBT obiivol My 1 ©

(stop i npcdtionnaforination,$uched tae afdrédesdrifedsDDVARIA.N IFh6tY tfenltfie atvbilei gure 12
IS related to the buffer depth (D), the full or errpty condi tions of

t he buffr@adSamthqwhmeé@nddhe Slow movasrbagk te block39.  Hsorthen(thisconnect i n)
si gnal an 145 of. Fi d Fiqure 1 related to the
thgrgeshol'af R"CSTB' ‘8#?%4&‘8&‘4??"3&??‘5 ‘g’f‘?%‘é?&@{ﬂ‘}gg& 247 in Figure 22.
Thus, thgs g 'altéhﬁﬂaé té het ﬂ%?eg*b&ﬁgf Frobdsifty ﬂé&b%eﬁxecﬂﬂﬁyﬁﬁ@@s@msm ni mum
stress (full on out put and on |2%t§§ he STI signal” signals the

channel \Ihrs;emnalpgtqoatrobqhmelsaﬂlmlst suchws -64B; digitallacationhe bur st dat a
t ransf er. ts thr.esho serts the

RO o crinforeaRoh 8 DY pidtod RASAES, crahetel Fot RxambiE” digust catrof PhanglF o

W shes tigforfifation can be p?&ed on each of the 21 dedicated analo%:control channels found 588 803
33 transfer bur st of ure 26 shows details

of the b¢tblcams 2:45$ SABe ‘Bhery, @rmob;h station cagy ﬁrsm&eandhet Steomstess
count er 24 ge buf 189 s in FEigure ure 26

Che. mul (vaale 2has oot chime deianise whaly b fEial speseol phpnasefer Bl ques

5 flip- (feil%%o&%“\aﬂﬁ%&ﬁﬁﬁe tﬂre@ﬂg%(tﬂe' dl@lﬁl'(‘.@ﬂtrgﬁ&xanﬁéques'[ synchroni zation
flip-flops 271A and a priority resolving gate 273 and

request exec uAcmrggtteﬁngﬂaAemlambodxment of the pmntsmvmncount er 247
conprises.a_caunter ect on .247 ec der secti.on 247B a

" cat darayePE retanang i ogp Lotsael 1860 cal 30! R hrEy B B motileg o
26, the duMonS@hén ﬁi‘ataﬁ:m% station 1 Hdergddd B chR Y@ miifdibn! F@n@hﬁﬂ@qhessa es10
request signal (line 215) and the device request signal (line 2 and the
read andwhichiis typmlly sent from & ibgseastatianotocemebile statiom k- conmectionewith

he d d he_huf f h ’
dat aouteepmanEt gl ared i aRECERSE Westige: hichhtorms te moodf tallh o7 4 Znéaz'eg%

store t hBCCe&Uﬁﬁtiﬁdtéﬁtéd 'frehﬂéhc?o By Piacin@ghﬁ)rﬁﬁﬁon regarding tiRClo¥dtioRbftd1e

request. The cl ock generates a two phase cl ock used
by the rthlmistonsrphchmmnl assoclaled]yéith the cell in whiclpthel mds;leZs‘t&ibrando@T&Batand t he
request xecut|€ ates 275A and

falh

synchro Et“i"@f'no %’%ﬂ&hﬁﬁgﬂg é@ﬁ?%omez'goﬁiése q‘ﬁ%h%‘?p n% t he

clock  then go thARBR"aAY _P? Beddurdd-for %3@@ a 3R (ﬁkﬁé}'dohﬁ'& SHaRnéIe amedls for
executi on. he priority resolving gate 273 picks one of the

request swaprthemlmmwﬂbhwe@q“ﬂedge of digital sohteel ¢hanueldecationbe hel d of f.

cut.i es . 275B execute the
F equest SEEHIRSH 8h RGIET gh ne ek HaBled Bir g% rof BHAL  pFibiscetebeon.
Each out put SAglaalexﬁﬂpléﬂ%gm@@a(g%daw@ NeSrA€ nfedsag fhineatd by Hi@NS
descri bed above (I'ncrenenting and decrenenting the stress counter,
updat i nginformation cen beenroyiged to 8mahile stationZig thQ)Bﬂ&ASFaWGSS@g@éQY finlingia | nput
poi nt er i nt ddition,
each si gﬁg}tac] og'ﬁrf’g Eﬁ*}{@egpﬁ‘%ﬁf; 4&@@*‘?‘5&&3&%?%% of F‘%ﬁx?’ﬂPlS{YgﬁEPﬁé% nes .277A
and ' 277Reishid! fdrivik S¢hieHiclitiés @ Bfpe O (optional) DCGSnfwﬁlﬁdorﬁh@MQ)avﬁiggw es 15,
16 and 17 show the three sequences_of operation of tp system
30 In the operation of the I/OTs%tSeEﬁe ERECABEILF %I%tta transfer between
a processor nodule 30 33 and ai psartic by device, such as a disc.
45, includes an ElI O sequence to i Late t he™ £EH transfer.
The EIO instruction selects the parti cuI ar deV| ce controller and device and
specifies the oper at| on to be perfor rred 35 The devi ce

-, o= 1. . o . [ A A I T

U1




bet ween the device controller 41 and the channel 109. The periodic
reconnection may be for the purpose of either transferring data
fromthe channel to the device or for the purpose of 40 transferring
data fromthe device to the channel. 40
When the transfer of data is conplete he device controller 41 interrupts
the CPU 105, whi ch responds "by~i ssuing and 11O or an H IO
sequenc

interr ugftﬁ ngA’HEW%aﬁ'ng’%Lg? (ﬁ%ﬁ ﬁﬁ&sgfst fshhEe i ﬁf‘ I dgél’hle%’re%%; @g
conpl et ef‘arameterg’fé?e fidié déhh@eﬁetm@as hSDECnfcHnation Hefy. | Th °Ranere but

is issued In respdnse to a priority I/Ointerrupt.
The " Exe€ Matues’ (ﬂélmdmatsthwc mann mfﬁhﬁ}).uorseldmbnusede hythehaesﬁagmsThe ate
changes ,

h
Figure. 1EngaeL Bk idepufioshe featerr.on which 3 conol chamsh &nib¢ Bundedy | s0
or idlegypd %%chem@tﬂ?Sﬁdég @igfifl Prificatién SE10P cBée 1%&@8@%6&&&&9& e 18

by the correspondi ng nmenoni cs ess and command
(LAC), Iskilidd jin theenaxt avill (apPreiojate maamedﬂwegnmg 51gnal formatt iatonly &REEMplagesel ect
( DSEL) Td ahort instruc t he state changes

SngHyG magner in- hich Gigifl coifrol phanpel locatighanioNmRRGR BALDS ot o

shown i

change, nad\Ad& rfihad {Hef' ROWA Bihgeat €s a condi tion which nust occur
bef ore g state g change can occur.

55 Fidire ﬂe@resamsmhibclodlagmm ef an exemplasy) ogliulammebideir e 15 is
directly nd=r contr ol processor 113 ee Figure 12)
of ' the EBtelsphGRe System Sccordigs 10 0pe; ORI THETE G B, NN M URNHOR JHUSH ERfoct b
the sta r y i on
si gnal :bs "lg%ggip H?:eF gl\%hfgﬁektswg Thglﬁs‘ls?ésh?lslr‘\m? he P sta‘%ﬁs SHHOEGlgb
Once t han€RUnobiie 120Q.i Ghesngmahmrsmhmes ad:onn-blean‘ﬂ imeesgmgsurfw 030 twhithNOP

(idle) state to LAC s the LAC state or
functio ﬁo'éf'%dcfo ‘g M%S 40, whick i tyrg ﬁs stpnqeﬁ@d rtaghe P\ébhcs%‘!é‘&bei telephone e

CPU 105né (gtusrhe,w}lﬁ) and is put on the D bus 161 (see Figure 14).

As descrl ove Is word is used to select a particular device

controller 411“her‘uisa station @30 foparctil ¢ndladespeplurditiey af vdeu ichennefs, haﬂaﬁled‘l%l. 51 or

53 (see Figure 1), and_ the word is also_used to
1 588 g@gice channel transceiver 150 which is controlled by the contr@@nd processmg Wieci fy the

oBer 2L 430!y, 8L oo s oy bR Bt 0 R U 900

j ust belc@pabﬂehef hadliog rhore thegoad eontfdldhkiniel. The control theanePichrkosivérsee
Figure 1 2) Is put on the T bus 161 (see Figure 14) by the |I/0O channel 109
5 and il60pnsenttplied iyhtheroptrabandprocessingr umy 13Q| dbe canel ¢hagneine preV| ous

LAC sta | q}_?tqg

shown b?/&fi ﬁce{)v(féslggab rP?dnchtg'r%?)g%v&ﬁH?@ Iéthﬁ O%EI, B éoﬂﬁopéﬂgﬂgl géggeoes to the
RDST st atation lop cellite mdbiles lodmdde\thaaeomolt ¢hahhell THe veite channehmrakesivere

st at us ; the status_of a particular device, sel ected and conpri si ng the set

of si gndpadigethe traffigpr voice channgly whigh¢an @Fl‘-‘pﬁéﬂgl@i’é\‘f‘f”é‘@)l ehapRgl de@atigRyi ce

~control I“T‘;Bgﬁ&“&pgs Bés@f’ﬁéd b}ev%l\swe top of the register 10 stack 112 in
t he CPU

10 Whél tHengobile 120 figst eatesreiecidlemdde, em@eﬂ@ddbalgr §cand Ufe nfrok
several errors may have occurred. These include parity error,

hands haxbarmelﬁeofi)bnse stationg dike basy statien éb@ tofeterming svhieh eglk toplecly on or ) | f
ggs$r ;?rg?rgpﬂgpcﬁw mok‘?érigg glr's’;{ﬁe r UC &431'(1%&%%&3&;39 b98aed%a§t§<g8%t N

ABTI st atcontrob thdimebat hsavdieulaﬁe comlrchhhw t#e,hsctmerqrvor ETHdne thy evi ous LAC
and LPRM 15 I nformation passed to it b% he 1/ O_channel 109 and

then t h@rocessiag uaitdS9eqvpluagas the seqetyed irontrol channel infgomatipg vdichsinglugdes

af t t gt shed
[ e o S SEFacRAtstics i e BehdidiE bl B Eaianifics whith GNHE mBIE RO o0
to the aeskeloeCThe retdelved¥ontnbl channeﬂﬁfoma\ibh hhot balyTinbluges #bsblite desel ect
state, the device controller 41 clears its select latch 173 and 20

r esponddniosmatien Foreerning itamcelk with gvhieh it is @pwsiated, thyt also sontaing relative AC
state) gnd f, F on c%#:%{rﬁgg ot cells{ éxegx%{'nﬁré tb thd E@l &Jﬁ%ﬁ v(/fuglk ?)e é&%‘? channel

In the operation are I'ce request
signals that can happeﬁmas%/h“@n or exarrpl e, a reconnect
signal may be generated after an EIO 25 sequence to request that the

channel transfer data to the cont bo* erg DFEmdidevi ce controller 25
41 may assert an interrupt reques i'ne under a nunmber of different
cond| ti ons, e.g. to si gnal t_he conpl etion of an ElI O sequence or

o o o Y L - o



an 110 sequence, and to a request nade on the HHRQ line 149 with an H 10O
sequence. The first thing that the channel 109 O CPU 105 does
i‘n response to a Device Request signal is to determne the
identity of the highest priority device controller 41 asserting a 35
request. That is, there may be several device controllers 41 asserting a
request to the 35 channel 10109 at one time, and the channel

will select a particular, device contrql agcordance with a
pr edet erigiasiogiasd. oThesg adiacsnb Ceei Is are pent ‘ca“Y Sca‘P’FFdaW'b‘éﬁ mogiteang tiehodi nent  of

t he presgat. i | | 1
can be C%M%OQanﬁd&%% (la‘li H@l&dﬁ\é {ﬁSreCQﬁt%%lQ éaﬁqxﬁaté,[ h‘?cri‘%mona]
devi ce ciafiriatibe reladnge o speoifissef mobilke aﬁabas@sﬂahomanp@ntehﬁuenwm bit data

bus 40 161. One additi onal I|ne:5% és used. to divi.de the
t hi rt y- t feynd i Ferending; ¥ e} Batent; Apnlicatign Serial No. 07/967 O lotnsislegs"Myltir een each.

One grougaf s %{é{) Prdiels; )g“cﬂle‘&%t OBlobér 57 'dl%ﬁé ' Hdhe BhY B EREI AU WhidE

ot her group a rior i s al'so assignéd anong the sixtéen w thin each

group. Tdisclosiré €eincorporated here by sefgrencd.ng on bit zero of the D bus during a
pol l'i ng sequence has the _highest priority wthin a_ rank, and
t he one respohtf #govsrﬂesmbegsem %émm“%?ﬁedﬁeﬂ@ to be 1llustranve In 45

1011 ik i, B, 5 W, RO 60 O

descri be

and 17 ugxe lﬁzémmiMmgawbéen descnbed in termsafhbisb akié nvdbilestaionsy thedur i ng
t he sel ect state in each fig Wth continued

gener al Presest em@éu%m be @eehetietom @chocwn@uewaﬂ%sysm Jor sxamples ank | i ne
50 to Z&E&:@E@o&tﬁ%&ﬁﬁéﬁw foctiVE dita ftHScoHﬁthﬁéa%Bn %ﬂré#%tggéﬁﬁé@ if the

responsei's reconnect reques €’ CPU 105

pr esent singlrdidgPorfablelusits] PCSTdéwices] persbnaddigifal aststants, etc. CPU is
responding with an 110 sequence,_  or an HPOL T bus function if the CPU is

respondi ng wi Thusathe present eweemtbls caprlie jof many veReYonsdp sletatlednt  of

responsel PARTEILER b gan b, derived from BRAESARROH Boita il etk b} AP0

pol I'i.ng. skilled in the art. All such variations and modifications are conmdered to be within the

55 Referring specifically to Figure 16 and the response of
t he chant8pe and spigit 9§ ske preseptdnvantien as defined by the foptowing ¢laims4s (see Figure
14), all devices with a reconnect request pending that would

~respond on rank zero place a one bit response on the D bus. That is, al

t hese devices assert a line of the D bus 161 corresponding to
their priority within the rank. 60 The channel 109 transfers
the D bus response into the priority resolve register 135 (see 60

Figure 13). This priority resolve register 135 output detern nes which

device controller has t he highest priority (in accordance

wi th the schene described above) and asserts the appropriate
bit back onto the D bus 161, if there is a bit asserted in rank zero by the
attached device controllers. 65 If there are one or nore

devi ces asserting a response to the priority resolve register on 65

rank zero, the output.of the priority resolve register is presented to al
device controllers attached, along with the select function (SEL) on
the T bus, and the device controller whose priority on rank zero

mat ches the output of the priority resolve register sets it sel ect

bit 173 (see Figure 19), and then thatport will respond to subsequent
states in the sequence. 5 This is the node of operation indicated by the
solid line arrow going fromthe state 5 indicated by RPOL with a
rank equals zero to select (SEL). If the priority resolving

regi ster 135 determ nes that no device responded when the rank l'ine
equal |l ed zero, then the channel 109 sets the rank line to one and reissues
the RPOL T bus command. Then, if the priority resolving register
determ nes that a response occurred 10 on rank 1, the channel asserts the
T bus select function as before: 10 However, if the
priority resolving register 135 determ nes that no response was nade on
rank 1, the channel returns to the idle state indicated by state NOP in
Figure 16. This latter event is an exanple of a failure which m ght
occur in one port 43 and which This iswiel rdplaesmieht bRzdihe system 31
accessing that particular device controller 41 through the other 15 port
43. 15 As noted above, the agtﬁwiﬂoﬁwﬁhe priority resolving
register 135 in response to an | 481y Pl | O sequence initiated by
the CPU 105 is the sane as the response of t he prlorlty resoIV|ng

-, A SN~ 2 o o - . I 1 o o
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to determ ne aparticular port. In the reconnect sequence the address
detegjm junpers is returned to the 1/0O channel via the D
bus ”ﬁﬂl’ﬁ"’ﬂﬂ@;@ml%c state to access a tabl e defining the buffer
area forcthss o 30 It is also necessary to determne the direction
of the transfer (whether an input or Oﬁiput 30 transfer to the
process nodul e). To acconplish this déterm nation of the direction of the
requestemﬁm_devi ce address, the channel asserts the RACT
bus func L ‘device controller 41 returns the device

controll er address and the transfer direction. The channel uses the
devi ce address returned by the device controller 41 to access a tw 35

word entry (142) i sethodfordecating atcoptrel chapnpl among &iplurelity1of)channals

defines a buffer 5 138 in the nenory 107 for this particul ar

rea
devi ce cSﬂ‘f‘PBF‘F%r‘ﬁ%f‘Fﬁpﬁgéi ce. The format of a two word entry 142 is
shown enl arged in rshdcSstihg, bR aSpIAKiIRE bRk4id cAhndele location fihfokaticsH whith two
wor ds. There is a two word entry 142 in the IOC table 140 for each
of the epgimts poasd sdid cdeurpbelanael; of each of the thirty-two possi bl e device
controllers 41 attachgd to an 1./.O bus 39 asgoci aged

A . ith
particul ar process®&Fading Y2 wobilg Be AnG Phs2d B q%ﬁ@a&@%&%@q@eom

| OC t abl gyiqg locatioﬁ%r{n‘éﬁoﬁ% entry describes the buffer location in main
menory anc} remal ni ng | engt’h to be transferred at any particular tinme

for a particul ar daocatingaby fsaid mobite statian, saideoontiel channel using Fdididocation

i ndicated by the legends in Figure 12, the upper word specifies the
transf er "HAGRYE®- 45 to or fromwhich the transfer will be made by a burst;
and the | ower word specifies the byte 45 count specifying the

remai ning length of the buffer area and the status of the transfer.

The fiel ds refi esefMhengethbé of icktims] ,oivherkin saidaplufality iofichamhelsecomprisect bit P
and a channel error field CH ERR The channel error field conprises
three bi digitghmrafficehanpelsset to i ndi cate any one of up to seven
nunbered errors. 50 The transfer address and byte count are up-dated in
the 1OC table 140 at the concl usion 50 of each reconnect and data
transfer sequénce (Ithermethod Bfeldimahsiwheremdsiicephurality of ¢haralsugomprise and t he
byte count is cqunted down at the conclusion of each burst. The anount
refl ect s 2pdleg traffic ghansels. of bytes transferred during the burst. The
second word also contains (1) a field in which any error encountered during
a 55 reconnect and data transfer sequence nay be posted for |ater

anal ysis, and4(2) &hermethot dficdlaimbh, whereirt said phaeality of lehanrelsecdmyriser area in
menory 107 may be read frombut not witten into. The protect bit
serves t @8nglpgicentrok ¢hanpelscessor menory 107 froma failure in the device
controller 41. That is, when the device controller 41 returned the transfer

direction to the channel 109 during a read address and command (RAC) T
bus function, s faiA gygemnfor hecafilg akontrob cleamntl hogy a pluraiiryl of chaneds t he
device controller to erroneously specify an input 60 transfer. Then

t he chansempmsimgd go to the IN state and transfer data fromthe device

controller into nmenyr ' ] f . t. The
protect bit all owsrTg b&“%ﬁﬁgﬁﬁ‘g’ﬁé{aﬁﬁ%ﬁg&%‘%e%ﬁ éﬂfﬂiy °§§é C Igné’n'gl ln?r‘g{j/&zot

Wi te i nfigeatibhSnfdembhedn oh afleashedme 6f sdidh €hannels, dsidilocation inforngtiempeci fy an
out put transfer. 65 The transfer address specifies the |ogical path
139B ( sedoRtingrtewand 2 control chagagel; and

1 588 803

channel places the %Wgﬁlslfes?angaa‘r'hé%hsr?aﬁs toﬁtea ogﬁaalgr%llégntesr?o"r‘?/og ‘Egismsnﬂrggg'iost er

129 (see acquire said Iddatioh GnfoRnation and avhich ther ldvates saidieuntrioh chanmel beingsdidr

count register 131 (see Figure 13). Dependi ng upon the direction
of the tdegasiparinformadent he channel retrieved fromthe device during the RAC
state shown in Figure 16), the channel puts the. T bus in either the .5

IN state or QUT state and transfers data between the device controller 41
and nmenory 107. 5 The system W$ickgmt$)ewhdreinneaid acieast womd df aail chagnels er 129 to
specify the |ogical path 139C (see Figure 12). The channel nenory
addr ess rcogpsise digitad trafic ehanngls: er count regi ster 131 are updategd———— ——-- .
wi th each word transferred during the burst to reflect the next address in
t he-bulrer—and-the-nunber of characters yet to be t r ansf eFigtheet eplace
concl-usi on of a burst the contenfhisdd itchesplacemighi sakannel m Eﬂ)
regi ster 129 and of the character count register 131 are

the 10C table 140. | nyoRer ati onznft ach word transferred in
fromthe device on an in transfer, t‘he**'cﬁafr‘ﬁél 3 109 accepts the
word by the handshake nechansi m descri bed above and pl aces the word in
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data regi ster 125. Since it takes just as long to put a word out 'to
the d\e\M“‘Mﬂﬂ i I‘UU“\ does to accept a word fromnenory for the device,
the t be overl apped. 25 During the burst, the
channel “deérefented the character count regi ster by two for every 25

word transferred, since there are two léytes in every word. The
burst transfer can termnate in two was. The burst transfer can term nate
normal 1y or 7. The {yifenPdf Saith SRAHcRinSHY 49648 Y€ oPedifl ARl O

condi tion. t he normal case there are two poSSI Ities.

30 I rtomp‘ﬁse&halognﬂfﬁc ohamfelsoper ation, the character count register 131
can reach a count of 30 either one or two bytes remaining to be
transferred. In this situation the channel puts up EOT (line 165
as shown in gur 4 tvﬂfbtre en
reached. |If £ %%ﬁgnggtnﬁreac es lgﬁglde‘?hen t &@Bﬁgﬁﬁgpﬁg?serts ECT
and PAD douhbrisé iangiog @énwrbl chagnels. 14) signifying the end of transfer
with an odd byte. 35 | f the character count reaches two, the channel
puts up EOT, but PAD OUT (PADO on 35 line 167 of Figure 14) is
not required gecaugy, %tF gﬁa Afnbhe bus are valid. In either
case, the device contro Pesp nds by asserting STOP IN (STI) on line
159 (see rheansrfer bﬁoadcmdgtcbntrolechamelsam trafficechadfiels] &m asserts PAD
IN (PADI) on line 169 4 Figure 14) jf the channel sserted PAD OUT
( PADO) . meanstfar dnclydiag lacaden gifo |0rk 3l msmmeﬁ suidoptrghst er
as a wh cliﬂﬁ\telt ae channel
109. Ul rdifie t’ﬁgirdq%?&r?gl 1'n?orm%.ﬁ Pglrttmn% wm%%ﬁr%the devi cegalci:'(gnt rol | er
41 ends dohsobcliamheley asserting STOP IN (STI) in response to the
channel SERVICE OQUT (SVO . This signifies that the buffer 189 (see
Figure 19) has reached a condition of m ninum stress (as indicated by point

45 229 in Hqur .

a5 UR." SHEE Bk, oy o slaim . whersin seid g feat some of spid cogol, o,

i nput t raadtaffic channels compride dipitainraffi¢ chammeiier, if the deVI ce controller
41 wishes to termnate the transfer as well as the burst, the
device controller 41 can assert STOP IN (STl); and, to signify an odd byte
on he | r | §€ - | t PAD ON
(PADI ). ltl ﬁ?et 2 \Asng\a"u"hqg %ﬁtﬁeﬁl‘gﬁ ‘t it leés}asﬁa'? R by
a non- erdndrtrafﬁa(éhinn@lk ¢dmipriseRinaldgOtraffic channelsEGr) on either an output
transfer or an input transfer (as shown by the balloons QUT and I N
in Figure 16), the channel 109 updates the 10C table entries as noted

,%goxgt egngb(r)\egjr nsrh% ?%sﬁssrt%gc caﬁta% ter%%“?tgﬁégst g&gﬂ’ id ‘lfoq‘gljéﬁdl t| on.

S5 Qmﬁltfﬁﬁbféﬂarhtu§éorﬁﬁﬁﬂtalﬁgf¢ml tmannel@cur as foll ows.
55 First, the device controller 41 may request an input t ransf er

into a buffer whose pr ot ect bit Pis set inthe IOC table as
nment i oned above. Second, the device controller 41 may not return
a PAD IN (PADI) signal in response to a PAD OQUT (PADO) si gnal
fromthe chanikl 1Q%method & broadéﬂsumgifrohhebaiwmmin driDéhannyls doimpeising parity
error on the D bus 161. Fourth, the device
control B¢ SEPs @ky not respond to a SERVI CE QUT (SVO si gnal from

t he channel 109 w i hi i . i . t i h

i scusel on on " providing focBlintrGtinddopoiind 3,4 gl ABRKE phipb i a

speci f i egadd¥omb ®f Ishid dhahhéls;eatid i es may cross into a page whose nmap 65
marks it absent (see the discussion of the mapping schene in the nenory
systen. 65 broagrasting said channels over an air interface. 1 588 803
37 Sixth, a parity error may be detected in accessing the map
whi | e accessing the nenory during the reconnect in and data transfer

sequence. Seej4.he Ties aiethidd fclaim 1 Bewhereln said at least Symbk oNshidl dahings t 0 t he
parity error_ check. Seventh the nenory system may detect an

uncor r ecQOFHIrise dhigital yragfic ghanmelsn t he channel 5 109 accesses the nmenory.
See the description of the nenory systemfor this parity.error 5

check. If any of these error conditions occur, the channel 109 goes
to the abort data transfer state (ABTD) as shown i n HihigSheet Hf BechiReplaced
instructs the device controller_41 that an error has at
the data transfer should be abofP&ds ”‘I‘ﬁée@ﬂ%ﬁm%’l't si‘@@"then gﬁwmﬂmrﬂ”m

the idle state which is (NOP) as shown in Fig

10 When an error occurs, pghe -,i_-‘ajmelﬂ 3, 9 updat es the 1CC table
entries and puts an error nunmber * Fhdi éa g one of the seven errors
not ed above in the error field of the second word of the 10C table




t abl try. There is one other type of error that can occur. The
devi ’ﬂﬁﬁw,"m may try to 20 reconnect to the channel when the count
wor oL Hm is zero. In this event, the 20 channel will not
| et the devic8 cdntroller reconnect and the channel goes through the

sequence as descri bed above with ref erﬁg\ge to Figure 16, but when the
channel determ nes that the count*Wwbrd in the 1OC table is zero, the

h | 109 ' tly to. th . (ABTD) state. This i
mpor cant fedbo e bR drehog s T kherin st eblbel Sl el bnpls s
pr Ocessoéonwgalfgg%f?iﬁ'cmn&‘fﬁfw' tten by a failing device.

25 unt 1s zero in the byte count count of the second wor d
of the 10C table entry 142 for a particular device; and if the device

controller 41 atteppts to recqnne to the chanpel 09, .the channel

i ssues an abol&: (Aﬁ%}“em?dtwgaﬂ’&/ﬁéewgmnrﬁﬁ‘ &t least someof; S9! ShasdeiSand

| eaves t 8 &lontbol EhGindisof the two word entry 142 at zero. 30 I n
response&t?naﬁ-ka}n%g gFt at a ?AI{D}TD) T bus function, the device controller 41

makes an 30 interrupt request on the line HHRQ or LIRQ (lines 149 or

147 as shown jn Fi Rure _14% to the .. channel 109. The devi ce
control | ers 447 mayAnobils SO COMPRIEAS: an interrupt on these two |i nes.

An interrupt gener for gk &?ﬁ ; %ﬁ’t i : npl et ed or
term nated by 35 ﬁ%&’sa%:grt r%%’c%ﬁgﬁ gﬁgnne n(I{am §§'B $§%ﬁ$§ﬁ%@ﬁannel) or
by an erghannel drah tchannels twhich drddbrodticast over dewirdaterfaoe;ramdl er 41 or attached
device, or that a specigl canditiaon has. occurred withjn the . device
controller or an a@?%l!?n%d %ﬂgé‘éﬁmgﬁg‘&&m@,c using sgullocation appl i ed
and the jneorma ?}l circuit indicates that power is at an acceptable |evel,
the device controller interrupts the processor nodule to indicate that
its internal state is Reset because power was off or 40 had failed and

has been reset by the PON circuit,. . . . . L.

40 I n Fespohde mabilgstatiopaficlaim 17, wehereig said channels sgmpriss digitehe
process I ssues an interrogate I/Oinstruction (110 or an
i nterrom%ﬁéﬁwﬁi ority I/Oinstruction (H 1O over the 1/0 bus 39.

The 1O instruction is issued in response to a low priority I/O interrupt,
that is, one issued 45 on the low priority interrupt request (LIRQ Iline
147 (see Fi gut® 14The mobile station of clajm 17, wherginesaiq ¢hanpels compriseanaleg i ssued

in respo t igh priority I/Ointerrupt, that is, one request ed
el e

on a hig interrupt request (HHRQ line 149 (see Figure 14).

The m croprocessor 113 (see Figure 12) executes the EIQ 110 or H-1O
instruction b taking control of the channel control logic 141 and
data path |og§lfb 12%he mipbile syationsefplaipe b7.f whereinesaid chasnels comprise aralog
illustr i jagure 17; and, as noted above, the 50 sequence starts
with a g%q%&ohgh@é%{#ence. The 11O instruction polls in a sequence using
the T bus function low priority interrupt poll (LPOL) while the HI1O

instruction polls in a seqfuence_usi ng the T bus function hig priority

h
i nterrupt pol 21.( HP&LMethod for mopiteripg ) digital senwelchanngliamongsa plusdity®Ecri bed

2o, SRS 5Bl shich mprilape seBRBECE |25, SovL e comreller 41

appropri ate devi ceré‘aqmggid 6f sxid phrhlagicfChiuteldiat device control | er which
has t he hi ghest priority and is making an interrupt request. 60

The sequence cont i aemuriog iocagon infarmation, paipting:t9ussid digita)) coptyed shanngkt i on as
shown i nfrgrQI sg.id P“{k’g?ﬁ[@ #ra%%};g%&%h&g. St roller 41 responds by returning

devi ce dependen bus 161 (see Figure 14). The
ni croprocessor 113monitBting sdid)digitd dontrbecihnélusing eaid ideatién mfermfibnand
pl aces the status on the top of the register stack 112 (Figure 12). 65

The sequence thencontinues with a read interrupt status (R ST) T bus

;ggcéggn as s?i).wn Thg 5méthod of cl%igm 21, wherein said one oggaid pluralil%ofzfl&wglsﬂ_ Tﬁ e

devi ce cegthprddel Qrdiditalr esfifienhanied. this RIST T bus function by returning the
device controller nunber, the unit nunber and four dedicated status bits on
the Dbus. O the four bit status field, two of the bits indicate
respectively, abort (ABTD) and parity error (which parity error may
haWhis Sleeetudas Bebn @leplace) a reconnect and data transfer 5 sequence).

5

rllt" anﬁm'ﬁlﬁpr ocessor 113 capi es widepaehesi sbket he D bus__t he
cont [ :
a

t he devi ce nunber and the interrupt status and

pl aces that content on the top of-the rﬁql ﬁggrgq-, stack 112. If no
error occurred during the sequencBatstheh -t he*sefuence continues with the
deselect 10 (DSEL) state which deselects the device controller 41; and

o o o .. .. .



state as shown in Fi gure 17. This desel ects the device controller 41, and -
then th mﬁﬂ B goes back into the idle (NOP) state as shown by
t he botﬁ ﬂlm Il ‘Ill e 17 15 As noted above, an |/ O operation

bet ween a p¥ocdesdor Snotlul e and an |1/ O devi ce typically consists of a
group of sequences, e.g. an EIO foll owed by sonme nunber of reconnect
and data transfer sequences, terminatirdg-with an 11O sequence. Sequences
from several different 1/0O operations may be interleaved, resulting in

appar ent si mul2Banedihe mettod of clajrarads iwhereiy saidvane0f sdishplyeadity ghokannels| ar ge
nunber of devices may b C 20 concurrently; the exact nunber
depends SRMPH esc%?ﬂ%‘fg ﬁ’éﬁ%\/\ﬁ?’%ﬁﬁgand t he actual bandwi dt h used by each
devi ce. The 1/ 0O system and dual port device controller architecture
and operation descri bed above provide a nunber of inportant benefits.

25 These b@def i tEhei method of clajmi2le wherein isgidtane; oftseids plumlity of dhanpelsi ety of
devi ces, (b) _.a maximm 5 sage of resources, (c) a fail soft

envi ronr’rﬁﬁf")‘)flﬁes\/\?ﬂ %x{g?%c%{@%oégg%ﬁi pheral devices in a mul ti processor
system (d) on line mai ntenance and upgrade of the multiprocessor system
capability, and (e)-nmaxi mum systemthr ough put (as opposed to enphasi zing
pr ocessor 25t hr duethad fosriogatiag taheasitrgh channekinca tadiccommuriication systemni ne
transaction sgstgﬁn in vvh'hch a large 30 nunber of concurrent transactions
must be SPBPESUE®FPhE"I/ 0 systemand CPU. 30 Flexibility to
interface a wide varblihgQf coMEEERSHitieat Bk RROAUSEA 4 Ble SHbRTHOf the
present invention does nOt presuppose any inherent characteristics of a

devi ce t yppid. radiocominugication sysiempr esent invention provides a structure and

35 Tho present SHUARE ATESRR, Al e EGRIARAkoF R aRias bR FPmoBH bre.

pri mari | % bwn 18 khil dndbileftation whithihéuaes DS RNGhfdFRIABSY Peﬁaﬁgvitdwd Each
This alTows a

devi ce uses a m ninmum of the nmenory bandw dt h.

rel ati velcgntrolrghannelpbed of devices to be associated with the

particular 1/0 bus. Because ,of the inherent .spe of the I./Oh and t he
buffering tec m‘agéo &dtcﬁﬂuﬁf@?gﬁa Ph%iln? ¢ saton, Bsing F%‘aﬁgqauppansf er
i s nmade 3foPmh@dritdctivbd finyBaidGasspagsh.l imted only by nenory speed.
Because the transfers are in a burst node, 'the 40 over head associ at ed
with each transfer is mnimzed. This maxi m zes the use of the channel
bandwi dt h and a6l so permts the use of hi gh sgeed. devi ces. The
present i nvent4oon p‘f%‘i{la%@"mﬁ?lc?%ﬁ"l Yotem SUPREYNG:y neripheral devices. Ther'e
ar e redundant pabbdicd 8f eaftfolRRahRIEbAr WHikh bise #Abrs WhndnfiaRat Of
failure on any parta:o@u a1r§,45 path. Failure of a partlcm%ar rmgtr?e in one
pat h doegeceite supendsorydatapperati on of a nodule in 45 anot her path to
t hat devi ce. There are rehensi ve error checks for cghecking data
integrity over a pdtPuraityef 1anhannF i9QVeF E’S“ ?R?s?isﬁf‘ﬂ'bs ?%FISF‘BT*%'LJ.(

Protecti qgcé\e@gg{fﬁsdﬂ.event a peripheral device fromcontamnating its own
buffer or the menory of the system These protection features include a
separ ate count wor ditileastemdmobile station wiirh istdopneniell to pneoofesaid base stationke | OC

table. The. 10OC table is gccegsihle by the channel, but not by the

devi ce. Hiing o€ Séléjcﬁlr‘l‘@?l%yzlmggﬁc E)’P%’{’Elét to prevent the device from

accessing any ,ﬂ@'{;‘gr P ol Y esent

i nvention requires only’ g‘ gh?n%f)ﬁé%E%@gﬁ)agfst?%éw&?%mﬁuf%abrgg;s?geg{ovi de a

55 f| exishideatdeait poevardbiile statiOnsylsnesaid at least one mobile station is disconnecting

55 The gperatjon, of the. device controller is | 1. defj.ned as power

't ur nedTefR S8 Qerof gid Sase safins, taid MESTASe, BRIUding HPERAIRSLIEN Sois e

during thyss otfisgﬁ_rﬁﬁ%%ﬁ&ng& permt on line mai nt enance and system

upgr ade. e present 1 nvention uses stress to allow the buffers to

cooperate wi thout communicat- 60 ing with each other.

60 An line.transaction systemis obtained through overl apped

transfers and 9roc station COMPRAINES channel direct menory access provi des

interleaved bursts f gagic¥RePYSH trBRRAGINg supervisBRS8RA mdiiEes bR lamaantopi ts for

accesses to a device. Each burst requires a m i num menory over head

and al | owhanied apd erafSs oressagesrak @ pluralitguof trafficothanhelds;ramdory. This 65

conbi nat-i -en-altews--maxi mum use of the 1/0 bandwidth and mininmal tie up of
65 processor.

t he : Thia ;
39 This Shﬁﬁmﬁ” ﬁ?"ﬂuti on syst eni™s 18 the repiacement sheptocessor syst em of

t he erIH m n i ncorporates a powgr; ﬁ@tf}g““ on 5 systemthat
over c of probl ens agsgsi att ts:lg2 Wit h%ior art systens. 5
In many prior art systenms it was necessary to stop the processor systemin
order to perform required nmai ntenance on a conponent of the system

A o o . Y




The power distribution-system of the present invention incorporates a
plurality of 10 separate and i ndependent power supplies and distributes
‘the pﬂmm“ﬂ“luuﬂﬁmer 10 supplies to the processor nodules and to
the d MIeR8 in a way that permits on-line mai nt enance and
al so pfovf des r"edundancy of power on each device controller. In
this regard "on-line" is used in the-sidnse that when a part of the system

is on-line, that part of the _s¥stem is not only powered on, but it is
al so functioni ng neanstfaedelpupining iwformatign includad ia spid supervisory data

15 ' T oo, [ LN DRKE Sai rugﬁfl %Ee‘ﬂ [ ining a
part of "E"r?é“%gé%"g#]d %%i"[’]n%f’%lkhgﬁperl 0 ‘IjC pr‘g&‘ggr’]sgg |lvgﬁﬁg?n¢%§ance or
repair \fﬁ(d{%g%{ybﬁj $aie comrali ghderiel of t he systemis on-line as defined
above. In the present invention any processor nodul e or device

controll er can be powered down 20 so that on-line maintenance can be

Gevi oo cont 1 At or meiaod R Warkiniod  di8Bhp il iaRkes £ 4 byl RitR°) "

and coﬁlgﬁ%inig(lﬂ@stepg'bﬁ: on-|i-ne mai ntenance can be performed while fully
meeting Underwiters _ _ Laboratory safety requirenents. ] Al so, in
the power di stri bprpvidinga dissprrection: meswase seclnding lncpten infermatiop; which

controller_.i n d r supply of power fromtwo separate power
suppl i e?ggﬁ%i?go%%gmg@o‘g’ggé@ﬁ P%(ﬁl ng 25 arrangenment that permts the

device control |l er tmshittiap Rid disconhédtionomessagd. om bot h power supplies
when both power supplies are operative and to be supplied with power from
ei t her one of the power supplies in the event the other power supply

fails; and t chapgequger. .i.n t he event of failure of one of the power

supplies is ??con‘p&?%‘gpé% %‘fﬂ?&?ﬂ@l’%w thout any 30 interruption or

pul sation in the powReiver i ﬁecagintg%bem}so]y\a@c?rm'élssage@oa ﬂ@\a@pﬁgmyol ler
its

is 30 never required in the event of” a failure of one o

associ atof¢oprakechasnglpland draffic messages powey ofiaspluratityt obtrafficschanmdigrandnsur i ng
both a primary supply and an.al.ternate power . supply for each.

i ndi vi dual dual p(#) P%Wf%“@gkﬂry%ﬁqaﬁ?"é%cﬁgoq Mf%‘iﬂné?ﬁé%‘"l’ﬁ ERRARO0. The
pover dipgdscadayhieR iRdieAt8Eh i16catiofli o Un@ bf ASiASHIaTiYy B cond] CRIMHeRANGR foper al
301 in Figure 30. 35 The power distribution system 301 insures that each
dual porcommanding saixhreceivee to Munertassaidigne of saih phumality jof icomtrgl ¢haneels.suppl y and
an alternate power supply. Because each device controller does have
two separate and i ndependent sources of power supply, a failure of the
primary FPWET A SHELRGY férOdiscbniadtinigCa! iridbild Siati6R coMphising R spesr.not
render that device controller (and all of the devices associated with
that controller) inecgiwingtd discorinest mestags aoverran gir owenfdaces0 i nvention, a

swi tching arrangenent. provides far an aytomat.i.c.swi tchover to the alternate
20 Boner “supdeuistie tosstichioRraipRoR i s Eonas Mestneb UK

oper at i ?P*"‘;?f‘*?ﬂggidﬁm of a ebitrél dhdhn&dn system thus coacts with the dual

port system o evice controller ’to_ provi de non- st op operation and
access to the devidisconnectingesaid mobilefstationadndir e of either a single port

or a single power supply. 4 h ower, di stributiaqn,system 301 shown in
Fi gure 30 provi dest“f‘ﬁ"é %éﬂi@"@l\?&fﬁ‘&ﬁmﬁf@d locatiop Apformationy; ocessor
nodul e 33 and associ ated CPU 105 and nenory 107 has a separate and

i ndependent power supply which is dedicated to that processor nodule. Wth

this ar rAngengmhethed ffori logatingé camtyol cvhanmsd asnong wrppilisality ofi chiemets|
di sconnecti on. of an onei;. power supply for repair or servicing of the
pover s(OPIBASHE HESHPS &ed processor nodule is 50 therefore limted in

effect to only on ol 1 fect the 50
ggretag@g%ﬁmgmf 0 SRANnER Mltoea PRAIGS YV Yloddk

d
operation of any rocessor nodules’in the nultiprocessor .

system Therapkingreadh of saikihlocks baget vporcd telatinenlikelihodd gfifimdBQ t hus
wor ks in. conbin t'bon i.th the i ndi vidual processor nodules and the
dual porseidyeanteol chaymet thereifsald,  nsure that a failure or di sconnecti on

of any one power SybplikafRe haliielsSWithindONBhEdR Parléq 'Hibdk ©YISEREaYonfiBKE any

55 of the devices 1 néffective.

55 chaffigd. power distribution system 301 includes a plurality of

separ at e and imdependent - power supplies 303, and each power supply 303
has a |ine ually.a multilipe_ bus 30° wn in Figure 33)
which is degyi%.s'ghgle hsaée 2fng poﬁ‘g‘f’ '%gﬂt ﬁ%‘%’%ﬁ%%@ﬁory of a 60

parti cul ar regmﬂ ﬁ r nodul e. 3 {g‘@lﬁe@pw ce controller 41 is
associ ated w power spgfali es 303 through a 60 primary
| ine 307 and an alternate |ine 309 and an automatic switch 311. A

manual |y operated switch 313 is also associated with each device controller

. o P — o



e —— e

|s f|ve volt interruptable power supply is supplied to the
CPU 105, m 107 and the device controller 41. See also Figure
The AC to DC converter 317 al so provides

on a second out put fl ne 321 a sixty volt DC out put which is supplied
to a DC to DC converter 323. See Fi gure63 The DC to DC converter
inturn provides a five volt output on la I|ne 325 and a twel ve vol't

output on a li 32 | ines 325 and 327 are, in
%e & radidcom °| nve [ On%&&&h&%&fﬂ@

t he system of presen uni nt errupt abl e power

supply (UPS) out put@bmsﬁmwmﬁeommimnpim nfobile WtatioAs Bsing a pluriRfynect ed
to the CPU and merrorﬁ when sem conductor nenory is used. The power

suppl y t Pf£haengls chasnelserenned o2 plyralisy of blecks whichiarsganiteddased oss of

power to e lo all data stored in
t he nerror@o"fSrelatﬁlﬁ ﬁ ﬁgéehcéghp&gg%e%f'%l 8'5‘1‘@%‘; Ri’tﬂfkt nline 319 is
consi dered an int ermedisaii saig ongbile sidions, for 1&3@&@&{1@%&1&@5 ¥nh§a§d BIRWRY S
suppl i ed l]taéwoarts of the mul ti - processi ng systemin which

i nterrupt BPOF\O rarddRg.be accepted. Thus, the five vol ts |nt erruptabl e
power is supplied to parts of the CPU ot her than sem conductor menory
and to only those parts ofthe menory which are core nenory (and for

which a | oss @3.pover nidtiesl foellocating @ digit0%on@6] cHannéTEAR MdiodSrimutichiéh
device controller (which as will be described in nore detail below) is 20

suppl i ed SKFER haying 2 pluraliy ofAsalog and disgitalcommunicationahannels coniprising theof t he
primary n"wg suppl y. Since the power supply on lines 325 and
327 nust an uni nt errupt abl e power supply, the present invention
provi des a battery Ging Raidoplufaliey oNENENNER iAdd Plardifty BEpieverter 25
323. This battery béa}gkﬂﬁug mgﬁ udegya battery and chafr?}g';er rrodul e 329. The
nodul e 329 is 25 rankingegehef said blasks hassBipon DeElativeikelibood3Fidming | i ne
331 and i particul ar enbodi nent of the present

i nventi on Qﬁaltct%étrol %‘%‘“SL%‘S%@S power at 48 volts to the converter
323, which |s Wlthlreadthg al dhattiel 'WitHES aHighd3E rmREY Bhé BF sz?x@%locks The

di ode 333 insures that power fromthe battery is supplied to 't he converter
323 if the 30 voldeRymigngtifisaid channgbis audxgpal ¢hanoel; 48 voIts The di ode 333

when the out put of SCRAMTE: B ot s ap! BN ghaiast, %o Yead g delarming
volts.  channels fodid REpHRSt W‘ ne3883said SIéck@ﬁAtttdaeaﬁ&am el ‘t@fd&h:@&l

circuitry 335 for detecting a condition int power |npu’t on l'ine
315 that woul d resudtﬂtlfmmgngma‘a dlg@lnt cheonelr hasieen hoca®4, saxdehgml pkdnnkl nes

319 325 _and Th r,war C it 335 transmts a power failure
a&é’(‘ﬁ ‘Eg’éﬁé&% ﬁcﬁa'tfieﬂ ‘géf{ gital cRRTOlahanedl. cpy 105,

Because of the capacity storage in the power supply 303, there is enough

ti me between t he power warning signal and the loss of the five volts

i nterruptabl e HowerThenmethod of tirimod3, further camprisitig the skepyefi ts state before

the power'is |ost. ver niate | e. sypply on

| i nes 325 and 327 rﬁﬁgwnﬁgt% a Jed &lgﬁﬂw F?‘E’Hf)ei’g],bmaé\?gd%a'agfpi nstant of
time; angointingewhe ¥ diaek cortrd)chdné®larddy t he arrangenent shown in
Figure 32 insures that there is no interruption in the power supply on

lines 325 and 327 ilpcating saidedigitalf controbekannehusing eaid informationput | i ne 315.
One particular power supply 303 itself can fail for some reason with the
other power 45 supplies 303 still operating. In that event, the power
di stribution ggst erriaOhedbd lfRIamEME Riherdif said 10cadd?n‘€ﬁf3dnﬁﬂo4 %ﬁse% he
effect of the failure of the power supply 303 to the loss

parti cul &ield which 1demsﬁns| & subgetcHi saichplurality of analng and digitat oomlnumcstmrt ch 311

provi des hover fromthe fail ed power supply to
t he al tefg\%ng%p ”ﬁtﬁbﬁdlgga]kcggg'o{ “gl 3§som ated device controller
41 in operation. The device controller 41 which had been 50 connected to

the failed povver sg({)pl y therefore continues in operative association with
the 50 360t het mathetfardecatinga digitalepnirohplansek amafg 4 pluratity tof pr ocessor

system e the. red power is automatically switched in from
?E%r}%éﬁsp%wmé%meysteps%w

the alte As best illustrated in Figure 31, each
aut omati ¢ swi-tch-3%toupiag wala pliraBydbleRaneld it @8lurality of biddis; associ at ed

e pomer lTne 307 and a di ode 343 assom ated wth the
Mi’tbgee ﬁ Bg nﬁﬁ wer | | ne 309 T"’l 55
a' I

t he di odes 341 and 3§1és e {eom?)ceemﬁ”(t sﬂﬁ%r to be supplied to

controller 41 fromeith mg%mnary power |ine 307 and a
rel at ed pomer supply 303 or the Date: power line and its rel ated
pover supply 303 mhlle keeplng the supplles |solated This prevents

S o, I




”","”"l""'""m,Hm there is a small vol taéeSE?ogogcross t he di odes 341

an 343, fthetvoltage+on the |ines 307 and 309 nust be enough

hi gher than five volts to accommobdate the voltage drop across t he
di odes 341 and 343 and still supply e actly five volts to the device
controller 41. The lines 305'are in parallel with the i nes 307

and 309, and the power actuall i nory nmust

al so be five vol tga“\@l? aq?aa%ﬁ@?@ﬁ%assg% é?ere*agc‘fealhgﬁm?% %s 305 5

t 0 i NSugfd cBadroll dhand! théem:;af ter the diodes 339 as supplied to each CPU is
exactly five volts. The manual switch 313 permts a device
control ler 41 to beadifigschannels tvathin advighest ranked block to locate pdigitly and t he
alternate power sources when the device controller needs to be

di sconn&@ WLt or renoval and servi ce. Details of the construction
of the switch 313g8fhigdCifRaikidi lé'hﬁmﬁel 1s sg‘iﬁl)%fﬁd"cﬂzdnﬂélr focatibn '
31, the switch 313 inclldes a swtch a transi stor 347, a

capaci t infosu@ionrpbinting toward adtg@rcomml gaonelndnd resi stor 352.

The manual switch 345 is, cl osed, nsi stor whi ch t hen
suppl i es power toUsing said locatjqpein ?R‘? %‘53151 troigZannk is

i nportant that both the turn on and the turn off of power to the device
controller 41 15 be acconplished in a snoboth way and wi t hout

f1 uct uati ons3@hi cfTheanesthod of gigém It, iveheREhl said step of broadeasting furfifernor e t han
once. The feedb ck capacitor 348 acts in conjunction with the resistor
352 to EomBRsSSHRe S€R@A T ed snooth ranp build-up of power when the switch 345

is closed to u a he
transi stor 347 1 s PGS AT P focabER T BHARioi & tamasr vt Pl 2 ¥

capaci t subse26f said plurality cf4hammdls i n conjunction with resistor 350 to
provide a snooth fall off of power. In a preferred enbodi nent
of the invention all of diodes 341, 343 and 339 are Schottky

di odes whi chaRave1@e\Réthod Bchaﬂh‘éW %Hﬂrt& pthe%&é dehi s reduces power
di ssi pati on. not e aboveln escription of the I/0
system and dual porderthgvéchaanelo mtithin kaid sdliset of saxdi;lumhqrbfctﬂmmm.cont rol | er
41 does have a power on circuit (PON) 182 for detecting when the 25

five volt power is below specifications. The PON circuit 182 is shown in
nore detail 41 to
| ock everyt h| ng otrpeor?etpﬁae:bgg{/ﬁﬁge%%d?ﬂ%ﬁ%ﬁﬁgﬁ%téﬂqgf Qg&hg%ﬁﬂﬁt‘fogﬁsﬂﬁe devi ce
control terstegofl f in a state that is known when the power is turned off by

the swtch 313. The PON ci rcurt 182 al so re| eases the device controller and

returns it to PIoritizing raselestionrq éaldth@?fosmplugalttmersharm soBasedi t ch 313
and fiv at the 30 proper specification is
suppl i egpﬁ(rpk%lﬂg eé/ﬂor?&ei&gﬁ itrol ler 41. Further details of the
power on circuit 182 shown in Figure 25 are described above in

relation to the 1/ 0 and dual @&Et controller system Wth
ref erence to4Bi gurlhegnethod of g Lrwhereiasaid peRef beagdeasting derther ¢ r ansni t t ed

to a ﬁ?‘ﬁé?@%%ﬁﬁ ({,PU by the vertical bus 305, and each vertical bus 305

is ala which 35 has five | ayers of electrica
conductors. providingAs r’e?lfbn@?kﬁdvﬂﬁh&h tshid doagehélanhél dander foudd, each
vertical bus 305 has two di fferent conductors connected to
ground. Cne conductor provides the ground for both the five
ol intert ughabl uoQyelenotplliy s, wiblein 6k Base Wbl Brokes! 3 i

uni nterruptabl'e pomer supp ] . A
separ at tocatow ifoamationg\a plzameteg whikttpdiats tolaesubserof)saidopluradiey off bhanneRpar at e
ground for the nenory voltage insures that the relatively |arge
fluctuations in current to the menory will not have any effect on

L e e

al ter natsﬁdmuget of 4aid| plutalife of SRahnelsd and 309 (as i ndr cat ed by the
reference nunerals in Figure 30). In a particular enbodi nment of
t he présent invention the bus 305, 307 is actually a nine |layer |am nated

bus V\’“fhﬁ‘shsh&@ﬁas%eenReﬂlaced single ground and eight voltage layers (V1

t hr ough w UI m ed by the | egends and notations in Figure
33).
i nt erruL m

ol t age | ayer I’eoofotinaetﬂpmbnhcem Reeki ve volt
the layer V1 is connected at 351 t9 Cf];ahe fi v’!e 'At@lg,

of a different power supply 303. Thus,

qIPS power for the power

supply 303 and rel ated processor Ule farthest to the left as viewed in
Fi igure 33 and the Iayer V2 |s ~connect ed at 353 to the five voIt

P M S o, e
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1 588 80 42 i nport ant .
be.negi\wi!\u‘“rn‘l\“mr“e}m)ower distribution systempernts on |line nmaintenance
to b 1 catise one processor nodul e or device controller can
be powered down while the rest of the mul ti processor systemis on
line and functional . 5 The power- 8 stribution systemfully neets all
Underwiter Laboratory safety require- 5 ments for doing on line

mai nt enance o#3.a pohesysierd @frclaimngd rvirareintsaidempbide station ofioritizes reading

mul ti processor .syst is.on line and in _operation. . . Each devi ce
control |%f$sai1 s%pgétogffgiagaelwbﬁpd?mns@p%dgf gr%%&ebry @ pseU8- { hat a failure
in one of the power supplies does not cause the device controller to
stop operation. Instead, 10 the electronic switch arrangenment of the
present invent4.on Phosysenm of whaimad,swherein saidbase stationrhrpadcastynasosaiower from
the two power s | i.es only one of .the, po u ies, that ,the

devi ce Cl%ﬁ?\,&% 'I“g&%}a?%ﬁa% %fegf’ﬁ%cg %W&?Hﬁg}&gﬂﬁlﬁﬁﬁrﬁﬂ & }\}ﬁ F%St an

i nterrupt. Menory system 15 Each processor nodul e 33 (see Figure
1) in the multiprocessor system 31 contains a 15 menory.

This nenory i45.i ndThebase sstionhef ¢Jeime Pawhersir said decationiénformation includesjare 1
and is shown ..Jdn.greater detail.in Figure 34. The nmenory 107
of each W&@é%’%wﬂé 94 f‘ﬁbsgs‘gf'os@fél{ﬁ@&“ th both the CPU 105 and 20 the

|/ O channel 109 of that nodule. There is a dual port access to the nmenory

by the CPU 20 and the channel. That is, the CPU 105 (see Figured
and Fi gure 3446.canThe basesstation efeclainy 45, whereinosaigh basgr ssationr fugthen r ef er ences,
and the |/O channel 109 can al so access the menory directly (wi t hout
havi ng t®PY¥kr ough the CPU) for data transfers to and from a device
controller 4 ' §a&% - is illustrated in
Figure 34 and w || ﬂqggﬂ%gozcd?mn In g?gg?g{r]ﬁ%%gﬁegi | below in the
description of the Figure 34 structure and operation. 25 One

benefit of this d .t . .S that CPU.and ch
Lo the . Hbror he B St o (i Oq Wk s eRgP iR BRRROTBGEY & oi ¢ hor
the @Uees%ﬁeneyeﬂ%mghs&a at least ox’{éﬁbf i® Coftfs] Chinde®s LS RIERAY. €xcept in

t he cas ere both e CPU and the channel are " trying to access the
menory at exactly the sane tine. As a result, both the CPU and the 30

channel can be, perform hei.r. separate.functions sinultaneously,. subject
to an occasi O%%tl %ge Melfiod 9\5?1?"“15 twge’éﬂﬁ%‘ﬁ?ﬂﬁgﬂ‘hé‘}mﬂ?a‘{ﬂ‘?é“gq’d%/ se units
| s accesgirigeteh WHIBPSMtsHo 4 Abs8XGiChid binels,  the other unit needs to

access the nenoryu. The dual port access also allows background 1/0
operation. The CPU 105 needs to be i nvol ved with the channe 109 only

inthe initiation d tern nation of .1/0 data .transfers. .35 The CPU can be
per f ormi ng ot fiér f%ﬁ%l”?%“fg} ﬂﬁ?m lﬁh@f%{&aiﬂpﬂfleﬁg%ﬁ SR Phnsfer itself. 35
The menory 107 Sho%ehﬁg%hﬁhﬂe‘fs hiP §fRst. @ physical nenory which

consists of up to 262, 144 words of sixteen data bits each.
In addition to the sixteen data bits, each word in nenory has an additi onal

arity bit if_the nory, i core.nepory or,,six .additional error
Correction bi 3G | f Thnanckarbeclatm 134 yheraln, i Jocation sHfomapismincludes a
40 ferﬁuore%l&ﬂr\bﬂibfh Qéiﬁtﬁ?gi'izmcbﬁtrgle&ﬁﬁﬁél%n% f%hlgtﬂl e bit errors.

The six orrection s permt detection and correction of single bit
errors and al so permt detection of all double bit errors.

The physi cal nory. i S concept ual .subdi vjded in cont,j guous, bl ocks of
1024 wor ds 45% ea%he_ ‘IGH"%"& %Hﬁ@%?‘ga‘ﬁé?ﬁ" sﬂﬁjtel%ﬁ%tﬁ?é‘sm_mgi cal menory
are NUNDRERides 8BARAELY Ghith ghins to FSBE%P 8 charis. Starting at physical

| ocation zero. ess range o ysical menory in one specific
enbodi nent of the present invention, which address range is zero through

The' basi & ar chi ooTDF ERIEHARCR, LR S i HREFE G I RORE, S0 MBS 1 uct ed 1o

accommo 2. and utilize twenty bits of physical address information,

as wll becone nore apparent from 50 the description to follow

I n one specific enmednsrfortprigritizing & seaseh farnsaidhdigpilycontral channelr based

physi cal l%}ﬁgi vi ded i,nt o %%Si cal..nodul.es, of 32, 768 words. _Thus, eight

of  t heseURRSR PERISTIiRedLrdf ObgaAngls Within said sEbet. ot eq above. 55 Al l
accesses to menory are made to one7Tafs f&0HE rbﬂﬂhfgﬁhnﬁggén?ss éméiﬁ]tMQEenReplaced
€

data, system 55 data, user code and system cO ar eas}

instructions deal with these logical (as ¢ 4 .. . distinct from

addr esses exclusively. Thus, a pro @&ﬁnerﬁne§ﬁ$h&ﬁ?be concer ned W
an actual physical address but can instead wite a program based entirely
on | ogi cal addresses and the | ogical addresses are translated by the

. Y e e o, ~ N S




pages of 102 In the nmenory system of the present
invention th !ml ﬂ“ﬁ ‘}d correspondence 65 between a | ogical page
Ssea

and a physic t he various | ogical pages conprising an 65
43 803

43 operating syst em program or 19 -user program need not reside in
conti guous physical pa In addition, the | ogical fpage_s need be in
physi cal nai 83memdhg ﬂe(ﬁWIQieOﬁ ¢laign d $nwhespin said l%ﬁenyn oFfiattias on a

o0 o s S iuBbhP SR TE) SR ML Bnel) Ralid e TEORLY Scheme. S

5 First, virtual menory allows the use of a physical main menmory
space which is snaller than the |ogical address _ areas would require,

because the PBtysi dhe methed of claimi?d, wherein spid| lepasiondafasation includgs ay
hysi cal I t nmor ermts address spaces of
g %I Lrapmngeﬁ'yvﬂggq 8"‘(’%%?8&%&?8&@‘16“%"%) tg ghare t he physi calo nmenory,

and each user does not have to be concerned with the 10 al | ocati on of
physi cal nmenory anong the operating system hinself, or other users.

The nenory s98t emIde mctbmbpéshnm 34 fertheromprisingdis stepcafect i on bet ween

users in the v uaranteei ng _that one
user program canngpopéé‘g‘ WP&%@W@ h’pﬁ&gsﬂl& M 8ce of

anot her prigiermined crer dhétanhelsactfinBhidiBsetby the paging 15 and mapping
system When one user programis running, the map for that user program

15 points only to the nenory pages (up to sixty- four pages of code and

parthcuar Lty piogmsthed Ak SHain o, ediereiR Rk jgce:tn itfeFinaln Hedifes 2 haar ess
space apgqidie g%%ﬁicﬁéﬁi@&gﬁﬂ dchproN ERarfel E8PEE fAm t he memory space of

anot her rogram he fact that code pages are non-nodifiable

al so prevents a user programfrom 20 destroying itself. Thus,
there are t | evel s qgf otection for_user rans_operating.in a

" mul tiprogr a\r,1\$7' A meﬂzfdgf% Hinguishin gth"ré‘”?"&é{) ﬁﬁf%ﬁ%’&l agﬁﬁ poi nt s

only togigk £%nel j, f. the fact that code pages are

non- m)dld |%lagi e.&iﬁso, ;&ﬁﬂ?ﬁg%r@ggn sl nvention, this protection 25 is

achi eved wi t hout pdentifying anfi¢ldin ta timgslot of @ chanxteyupﬁdtiscaiﬁhenal@)\iCé:s often

used in_t ri rt. The. uired t | at| on of

si xt-eenfif 040%532’5 geiédﬂ%@ﬁtf\s ‘%H?"e‘f"weé'eﬁ“{o&%nﬂﬁly‘él g‘ drfec gh annef’

acconpl hshesloibY cBntSIPEiang 1§95§§B@d part of this mapping schene, a

physi cal pa e con nu ereis bta\ﬁi’d by a | ook-up operation within a map.

Thi s physi cal pagdetumnixﬁng wehethee said (field hadcheelt bitstwhiti ereaitdtereabrabdtivei n a

page to for the 0 ete si.cal nmenory address. 30 Only the page

nunber fCheck %@d igitgk %s‘eia“’éﬁl address within a page is never changed

in the mapping. {ad i %QP

sections. Each mgh%rggttehgwtgg%%dﬁgg%gﬁldas Q&&Eﬁ %{%%&%&Lﬁ our og?‘?:m

addr esshregm&eneds(mhmwxshab&mraagntmgmaidt@annﬁas acdigital arafific ghdrmel. 35 code) .

35 The separation of the |ogical address into these four separate

and distinct areas provides - significant benefits. The

separation pirgvid ne are

ever O TaS T il MolcaRdpNiBiR (IR HBRICHY dBlaRRBOR T

progrannhmdlsduﬂ@ﬁsmgmmpsélﬂ programs and data, and th| s protects the
operating systemfrom user error our map sectl ons are
desi gnated as f ol |bgqgscasting, m’ﬂ/ﬁd’aé@ 5@%’?’ digital tFQgc channelsjacludings ¢ o

var i abl epieer fahdald SitaRboudd HAEARILHCAAHESFP fielgd N1 S user data map.
Map 1--system a map e system a rrap SYSIMI4? to the user data map
and in 45 additi dmcluding, iresaid CDECEr fieldg Sirsyycheck bdts; t he 1/ O channel , the

i nterprocessor bus handling 1 ogwggr arn or the i nterrupt

handl i ng m cr opr oGFeHfge F?-‘ésCSEP §eﬂl],§ gec map provides
channel access toﬂémgf af?)h St GAd s rcheMl ﬁlésogeym@erﬁéﬁﬁeﬁ?ﬁ Rb ton@ddr ess

wor d. - user co e map. s map nes t active user
pr ogr amandthér.user instructions and constant data are obtained via this
user code map. 50 Map 3--system code map. This map defines the-oeperating... .

system program All operating 50 system i nstructl ons apgl

data are obtained via this systeniltade thepeplacement SRER NP S ﬁ ijﬁmkeplmd
sixty-four entries corresponding to the sixty-four pages poss ,”m
each | ogi cal address area. Each ent contains the foll ow ng i
(1) The physical page nunber fiel E i ch’ c&rFE&\i@”ja val ue of zero through
255). 55 (2) An odd parity bit for the map entry. The parity bit is
generated by the map logic 55 whenever a map entry is witten.



m::e reference history fiel¢g conprises

$212 e'rb\e:]gésrﬁi??"g? m,ﬂlﬁﬂmmmmﬂ‘ order bit of the referencé bits is set to

a "one" by any use 6f thepage's corresponding to that map entry. 60
(4) Adirty bit. The dirty bit is set to a "one" when a wite access is
made to the 60 correspondi ng nenor30 page. The reference bits

and the dirty bit are used by the nenory manager function of the
operati ng syst$9n t oAhraethod dordistinguishing betweer ardigital traffic ehanng! asidta a so

provides a way to avoid . upnecessary. s s .pf data.pages to secondary
menory. @glml_%Smﬁﬁhaé‘B?e’r‘ha mﬁﬁww@&&@aﬁ%&‘% SEPLPE a1y set to a "one"
by the operating Syféc@i%gg%dg?eggdigg a field in3S%haRkk! which has been broadcast

44 flag a page sent frommain nmenory. An access to a
page Wi t hoviehian div intexéicef o "one" causes an interrupt to the operating
system page fault interrupt handler to activate the operating system

virtual nmenory manager function. The absent bit is also used as a
protection mechani Sa&t&ﬁn@r@vmho?rcbﬁe&wm&%eﬁfd R¥1doare (M@HBa reltied @ea i t S

i nt ended | ogi cal 5 adl réss area for either code or data.

5 predétemmined setrafcdrrameoreection st and t he operating systemin
connection wth the, .Thes thtee ingtructigns are;. P P,
AVAP. The !ﬁgﬁ ye%fmﬁiﬁbm}é‘ﬁl 288 raﬂi?! Faﬁfi‘i %ﬁ‘"f‘@ PABf wﬁ%fﬁ%fnﬁs% y
menagerf unhihsld b said step of YRR, SYStem to insert datainto a map
entry. This instruction requrres two 1 paranmeters--the map entry address
and the data to be inserted. 10 The RVAP (read
map entry) ins équctio i s used by the nmenory manager function of the
operating syst 8 t o SEatoR £O - This instruction requires one
paranmeter, the map et {i cdidrol he
instruction is the %a%angrrq%ﬁ fg%%{%ﬁ%&ﬁﬁg d?gi@ @&Q%Hl\/ﬁl’s ?g%ggﬁn%g entry)

i nstructichanaelsses the reference history field of a map entry 15 to be
shifted one position to the right.. Thig.i by the nmenor nager
function of the 152 processoroéégrglthq‘%g @Yéﬁ'&f"gg iﬁ@&ﬁﬁe@&%@mﬁ&tory
i nformati B d: 0 } for overl ay. A
page fau|?’@§§§?%ﬁgﬁr%\}?§ﬁﬁt$ t og‘cg se}lst’ bit occurs when a reference is
made to a pag eaitl pabcedsoralswinchudings i s3id rGRVEE ficldsyefinst checlbjtsor whi ch
is not part of the logical 20. address space e. program or .it.s data.
When a page fault i§mgé{rggqsgg,al%p§om & ts“"‘dZ@éFlg r{I‘E’ldts)t B‘bﬁg Bifse
operating,system page fault interrupt handler occurs. The page
fault interrupt sequence includes the follow ng events: 1. An
addr ess reference i swherale shid firspagbsechmd checkditseane iffvertad pélgtivectol oneenor y
(absent bit= "one") 25 2. The page fault interrupt occurs. The
i nterrupt anthel- er i crocode pl aces an interrupt 25 par amet er

i ndi cating the map nunber and the |ogical page nunber in a nmenory |ocation
known to the operating system Then the current environnent is saved in an
interrupt stackél. A mobilelstation compnsing: 3. The page fault

i nterrupt handl er executes. |f {he page f.ault curred because, of a 30
ref erence outside tﬁ%"a%g?rc%e‘é{w&@sg@ﬂé‘% aﬁé}&%aﬁﬁwgl‘@ﬁh‘&? hege
program i ﬁ;&aﬂf‘,ﬂt’&%teﬁ a_ﬁq terface: Wi th an error condition. On the other hand,
if a page tault occurre Becaus’e the | ogi cal page was absent from

physi cal mai n menor ya grooessor fosaleterminisg ¢foertern gorrastion Pits im said fiskdaareng
system process executes to read.the absent page fr t he, secondary nenory
(usual l'y éﬂ‘@E‘fd relative f‘bam‘@a sé?ﬁgﬁgof ﬁorg?qn!qgﬁgn}sn%ry_ That ~ physi cal
page information andyur&iflsidpoedisor fentifiés safd éhdnﬂéle.{st@@i%tﬂlt@aﬁiﬁ%htﬂﬁg!

entry. Wien this nmenory managenent function conpletes,

envi r onmeot at hadigita woattol tmnpelgeasédupon sad determmation. 4. The
instruction previously causing the page fault is reexecuted. Since the
absent bit in the map entry of the | ogical page has now been set to a

"zero", a page ghaul ty comprisif¢CUr ., the page address is translated
to the physi caléfzbageA}Mﬁéét s'gfr?%nug tpi n Tromsecondary 40 nenory, and the

i nstruction conpl et estransmitter for broadcasting a digital traffic channel and a digital 40
As noted above, the |/0O chanafe’ has access to the nenory through its own

port . controlchannel uging ame :
the system data map. That isliS thd Nspisdermh@fnshBet | ogi cal egldgRs

provi ded by the I/O channel a}ébfrgns@{ed t0 an ei ghteen bit ﬁ?ﬁmh"lm‘i
address by means of the system datd epcR4B% Thus, the mappilr!‘ HH,%I, ,”"!
allows 1/0 access to nore worBsteof physical nenory than its 4

address counter would normally allow. In one specific enbodi nent
of the present invention, 262, 144 words of physical nenory ~ (for an

M o S . o

*and fromnmenory by the I/O ¢hannel are-vi-a- -



initiated. beconme nore apparent fromthe detailed

descrr* Iﬂﬂnuﬁ @E“the present invitation is also readily
ext endi bit physical address. Figure 34 is a block

di agram showi ng details of the nenory 107 of a processor nodule 33 55 and
showi ng al so connections fromthe nen®ty 107 to the CPU 105 and the 1/0O
channel 109 55 of that processor nodul e. As illustrated in

Fi gure 34, the neaprgcessostfomimodiding a\GBHQGaﬁeldsiB spidrdigitdl draffio charniek

CPU 105 and th ch 09 to, the nory 107, and the I/O channel 109
t her ef ofd  &SF %g.elgﬁ ﬁ%e‘ﬁ&té&?“ml af‘ﬂe menory through the CPU 105.
60 The menory %@Zréui‘ﬁ'ddﬁfescf ﬁlé?&ktfeﬂtmﬂsoﬁ&éa thésqdt igont rol s

initiation and 6 et1on of access to physical menory nodul es
403. timeslot while aemiuqoﬂﬁid QSFP field$ vardes fronaimestattth tamesioton 405

containing registers (as indicated by the | egends in Figure 34 and
described in detail below which suppIy data to be witten to menory
and whi ch ho da The nenory 107 al so i ncludes a
map section 5%7 arenbﬁggstéggﬂconﬁggﬂ}gl ncl udes | ogical 65 45

1 588 803 means for recelvmg and decoding a field over a phurality of timaslbls irss
registers fro both t CPU and the chanpnel nd a./mp storage 409 from

whi ch achannﬁ B&@E OVEF an @t 17 and The map section 407
thus contains a p %?&?e% ARfeY Ay Gh @PW‘%]J 1

channel nenory adg ess %H(EI\%E regi s%eg %‘ e eseetémjvénregr sters are
connect toheslot antimdsloess sel ect or 415. The address

sel ector 415 is connected to the map 409 by a | ogi cal page address bus 417,
and the address sel ector 415 is also connected directly to the nenory

nodul es by agpage o Lﬁ{ 419. As indicated by the
nunerals 8 and 10 a ace to t ises 417 and 419, the | ogical page 10
address bus 417 tanreaoodes fbhencatlt;rgt digitalhtraffid eharitielssatteofitsh eatgrand 4ffital or
translation to a physi cal page nunber, and the page of fset bus
419 trafRmle WIQWFWG jadts (of an ei ght een page address
fromthe address -1 AN out put
bus 421 supplies he ph‘ys"i’f:féf)"f)‘?fgggg Sg{sa[s)(il %}' géﬁ’%ls flg"ﬁ‘tli S out put
bus contfd khamelsai ns the transl ated eight high order bits for the address
of the physical page. 15 The data path section 405 contains the

follow ng registers: A processor rrerrory data 15 (PMD) register 423;

a channel negery da 425; a next instruction (NI)
register 431g§a n%nohfr%yl ata E] kﬂi’r eg ster 433; and a channel data (CD)

register 125. means Torereoeiviig! & cieinnehisroRidaspovkr GhRir fdrfdces s are suppl i ed
to a data selector 427. This data sel ector 427 has an OUtngt bus 429
vvhi ch supplies datmeans feredegofingeraceivad signgl and dotermining ol alsw

r of the nenory nodul es 403 is reao into
one of P"Hg r%é@eéi %g!?aa% énc8r eqdi sflers NI, MD and CD over a bus 437.
As illustrated inaRrgtéssoB3for iiEmifying saideHayin€laRta @ntiob ghanndDit said @k O
connected with each of the rrem)ry nodul es 403 by_a_bus 439. The bus

439 conpt# S8 reisrandner idensifyingisald ohannelasia wrisicicharnedif wid rate dpRrat i ons,
conpl et rs%narrg@al s fromthe nenory nodul es, and error 25 i ndi cators
or flags. Wth reference now to Figure 35, the map section 407
includes, in addition to the nap 409, a nap page register 441, a map
out put Iatch 443 a map nmenory data map dat a

sel ector 44766a @e@pbﬂwsampésmm%f Wh&%palﬁﬁfﬁtt?ﬁ‘cﬁeléﬁéﬂdéﬂﬂ 30
referen iI.G453, and dirty bit |ogic 455.

30 g&otﬁ? te% 1(;?r‘em)ry control logic 401 is shown in Figure 35 as
associated with the map section 407 by control signal |ines 457.
The map nenory control logic 401 controls the | oading of registers and
sel ection of regi sters by the selectors, controls (in conjunction
with map absence and parity error 35 outputs) the initiation of menory
nodul es 403 operations, and provides interrupts to the 35 CPU 105
(as indicated by the page fault and map parity error interrupt signals

i ndi cat ed by the legends in Figure 35)--all as wll be- desoribed in-

nore detail bel ow. In a parti.cul ar enbodi ment of t t an gpl?aed
menory system shown in Figurespi4, 35.u |I|zes a p e
address field of eight bits an(ﬁa sggt%eragchggten&s B&h bits
to give a total eighteen bits. As notgd abov it he nunbers

14 and 18 40 which are Dae:in pafenthési’s on certain bus I| nes in

Figure 34 and 35 relate to this specific ei ghteen bit inplenented
enbodr ‘ment of the present |nvent| on. However t he menory systemis

o o v e o N 1 I Y AR




45 which are wthin parenthesis on the sane bus lines of Figure 35.

45 Figure 36 illustrates the organi zation of |ogical nenory in four
separate and distinct | ogi cal address areas 459, 461, 463 and 465.
These four |ogical address areas are: uggr data area 459; system data
area 461; user code area 463; and system code area 465. Figure 36
also illustrates the four map sections corresponding to the | ogical address
areas. 50 Thus, the user data nae&ﬁ§ﬁgAgag467 corresponds to the | ogica
user data address area 459, tem data map section 469
corresponds to the | ogical systentdata address area 461, t he user
code map section 471 corresponds to the | ogical user.code address area 463

and the A MEJJHODANDAPRARATEUSFORAQCAFING AoBISITAL: GHANNEEAN 4y st em

code address area 465. igure 36, each map
section has sixty-four IoQpégpﬂggagh@ﬁ?tkggﬁnggﬁgggﬁwgero t hr ough page

sixty-three), and each map entry conprises sixteen bits (as illustrated by
55 the enl arged single map entry in Figure 36). As i ndicated
by the | chBkokaNdSIREmT Igcearing G@tmhcbmg@l;(a% perficularirfigitalicanteolinandis,

each map r r
barity b gelerbRP" b5 Rofuhe e chadbiCwhith, 8 EnAMARE rol biiriine upbdiofy
bits R newsaped in dlwks @hﬁcaiivetof tbext rélativiylikeho6d forsbeiay @sedogadtintddl thahnels,

60 The p @ﬁSIca| page, nunber field prOV|ded by the ten high or der

bits prov MeRile § awgn begin its seagghy forrg, gentrol m&wﬂum@m@ whigh |asg)imast

page cal l r f;
Genor at ed 1Y el B8 BROK Alibncls, Placing 105l ibtolmiin dn bePeiiiels gliows
contents théiﬁlobile ithﬂon €i26) &nhaerddlred:ted wi 'c@ittbl hhirmeRwhéh i?trrdadE ot of tdeselothgr t he

menory nme n . of
1 588y80§?‘ neis Earf) , by placmg information descnbmg the logation of a contrqlichannel in

operatin [

the | eas?‘%ﬁfé‘ﬁs?%é%ﬁt P BndiE 4 e SaSorPA0eid e hECRlfy of ng U SbeA
set to aaoresw bgnteod whamedl associatedtwetiotherbase station ta waichl the inobile hagybeen handed
The S and F blts are storage bits which are mani pul ated by the AVMAP (age a
map entr§¥ i nstruction.

5 The dlrty bit Dis set to a one by a wite access to that

| ogi cal page. The operating system uses the dirty bit to determ ne
whet her dFigare3page has been nodified since it was |ast brought in
from secondary nenory. "The absent bit Ais set to a one by the
operating systemto flag a | ogical page which is 10 absent from main
menory but present in secondary nenory or to flag a page which is 10
outside the logical address area of that user. The two hi gh order
bits for the map entry shown in Figure 36 are not used in the specific
enbodi ment of the invention illustrated in the drawi ngs, but these two bits
are used when the full twenty bit physical addressing is used. 15
As noted above, three instructions are used by the operating systemin
connection with 15 the map. These three instructions are: SMNAP,
RVAP and AMAN . The SMAP instruction is used by the nmenory nanager
function of the operating system to insert -data into a map entry
like that illustrated in Figure 36. The SMAP instruction is

i npl enented by the mcroprogram 115 (Figure 12) in the CPU 20 105. The
m croprograminteracts with the map nmenory control |logic 401 (see Figure
34), 20 first of all, to select (wwth the first instruction
paraneter) a location in the map 409 and then, second, to insert in
that | ocation the second instruction paraneter--the new map entry data.

In operation, and referring to Figure 35, in the first step in the sequence

t he m croprogram 115 | oads the new map entry data into the processor
menory data (PMD) 25 register 423.

25 In the next step in the sequence, the map address, including
two high order bits for map selection, are |loaded into the processor
menory address (PMA) register 411. At this point the two
instruction paraneters containing the map entry address and the dat a

to be inserted have been | oaded in their respective registers 411 and 423.
30 Next, the mcroprogram 115 in the CPU 105 initiates a map wite
operation sequence of 30 1}&%%-@%995569&%n?9ﬂ@4¥“ logic 401. This rmap
wite operation sequence is initiated after previ ous nenory

oper ations have been conpl et ed. q%gps not ed above in the
operation sequence have all beeﬁaﬁérforned“%g‘ m croprogram (the
flrnmare) 35 The renalnlng actlons of the SNAP |nstruct|on are

- r N 1 o M g, 1 Y b 1. T 1 ' o



40 high order bits (the map select” and nap address) are used in this

operati on.

sel ecti on- - whet her
The ten |ow order bits of the | ogical

(ASEL) 415

read or wite access) are not used in

45

40

user

The two hi gh order
syst em dat a,

dat a,

user

bits specify the map

code or system code.

addr ess buslfron1the addr ess sel ector

(which bits are the offset within a page for a nenory

45

this ope

ration.

As the map is being addr e48d as described above,

data is transmtted from
sel ector 447 to the map parity generator 449
map parity generator conputes odd parity on the new map data

~Now, at this point,

supplies this parity bit to the map.
menory contral 01

one of the i
t he new data
at the specif|i
the bus 417. F
At the end of
the
has been sel ¢

sel ect ed,

supplied to
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35

of the 35

information in the map. This
mai ntained in the map by map entries (the R S and T bits
entry format shown in Figure 36) within a

The age map ( AVAP)
operating systemto maintain useful
reference history information is

of the map
section which are typically

Hre

instruction is used by the nenory manager function
reference history

40

“aged” after each page fault interrupt occ nce in that nmap section.
This AVAP instruction has just a si ngI e paraneter which is the nap address

speci fying 40 -t-hc e g to—be—ay Ha—the—pper ati on of
t he age map (AVAP) gti Jn,&‘ﬁg 'crgﬂgogr 105
sel ects a nmap | ocat FeE=yit-ia==t=s AR GATAmEiimmiioiTameassc ool = SR TR =¢r. The

m cr opr ogr am 115 L bhads thd 12f ot the PVA regi ster
just as in the RVAPL45 2 nstlucdfi-da 26 )

45 At this ppint3a na rsead8 opler at Aon_dequetice df 6t he nap menory
control logic 401 i & injtwatead, Jand Ahi s |[sequence |proceeds|identically
as in the RVAP instb’uctg on dJdeSegsl ggd aabove. 5 khe m cjj opr ogram
115 (Figure 12) readsthe TONTENL Q1 [CHE EP gntT YL ronrghe— D] 50

regi ster 445 (FI gur 35:; et age 152 lcfgficnuc llligtwy fetd ( he R S and
T bits 10, 11 and 1j=2—58 ,Jﬁ Hit -0 36— h-ft-e—t-he— el d ri ght
one position, and r ingris h&mfml to Xormli he 26 mlt/\l nap Lntry dat a.
Thus, a zero has bgen ehtere[;i 208-8#he IR bid, tHe R®it Had2been $hifted
into the S bit, thgd S hot has fssemosHiftesd intjo tlee T i3 and fthe old T
bit is |ost. Nowi t he Im ggi o ogqr am 415 tlakesst he fngdi f1 edjmap entry
and |l oads this new[datg, TNt g [5@.09 |PVD £ eqi T er ,g23 (Fhaure 3§) and
wites the new nmap 'ETrl'l?—d'a'l' geK. T Tt o tiTesgteTted—Tgp entry
(similar to the SMiP—sdauenede)y— s g eztfes théﬂggwéﬁ)n‘p ( AVAP)
instruction. I-As a regult of tH £ (AI\/IAD) stnstructidn, a map
entry has been read_frdfnthe néfp-89! itA refleredde hilsBory fiéld has been
shifted, and this nodi fif ed enté%-tias beem reinsert2éd imtd 60 the selected
map | ocati on.

60 As previ quST yg NO ool NB3R|DIT A4S se't tq3one DY dhdéy MpNOr Yy
reference to the CoTTESpondirTTg— ogr cal SO tirat wnem this bit is

a one, it is an indication that thi im )has been used since the | ast
set map (SMAP) or age map (AVAP) om k@ructl on. This setting
of the Rbit in conjunction with the age map (AMAP) instruction provides a
65 means for maintaining frequency of use information in the reference

history field of the BRk Chamf#© Number Relative

1 588 803 Number Number Band of Chandk8 | Probabilit )

The reference hi st n 3344354 map are

typically aged aft ¢ pt.26TiIUb {.ﬂe vatue of the

three bit referencs ey Hri-Eater—bf t he

frequency of acces] o) ar=iva VTS -1- ;agezqa"' 4ﬂte-u--ubts. 5

For exanple, a binfiry \fal uelof40%dy (allBthree rd§erohckl hits ket at one),

indicates 5 hccesses iln 4habB of theé i nt ¢rvak& betwBen t hel proceeding

page fault interrupts. ¢ dotmsnaly val ue of foaur ip tihe reference

history field (the[R biqst sef agsGie &nd tghe Sjandae 1hits spt at zero)

i ngi cates aR aCCﬁS: T gt TE ITET 6]~ §1 NC§ TNe|TasShs Pagp gaul t | nt errﬁpt and

i ndi cates that t efe—were Ty e} T tre—mteLyarsTprevious| t o t he nost

recent page fault JO—-pt-ew ué?_.r'%gf g 26 :

10 As a fin| 383 bi—28% o—f-bet-he—t-hf ee .bi t

reference field inflicatles thats89-6'% {hat B agi £al Ahge [2& not bken accessed

in any of the threp intervals &iqé¢® {he IBast threé page 3 fault

i nterrupts. Thugs thé¢ hlisglses fhe B nary nurber |[epresentpd by the

three bit referencg hrstoryjfreld, 1% the hi gher the frequency} of recent

accesses to that |pgrog—page ;. 741 B I5 45 JNTS T€f erence

hi story i nfornati op—s—ratntatne oythat weyr Tt TS TEC SSATy | 0 select a
747- 766" B o) ttag s TELY

page for overl ay, wWhi-eR—has—been—hfret tent Iy —u cr ” Ib‘LIIv recent

past can be i Y s beessbd CREERE recent

past. is likely to continue that behavi or, and that page vm |1

t herefore probably not have to be FHBRERMaLkd) nto nenory 20 after being

over | ayed.

20 This frequency of useTiikSé &g/ rdpladkrsht Yhebhe mMenory nmanager

function of the operating systemto select infrequently used pages for
overlayso as to mnimze swappi ng fr

qmy FE condary menory to inplenent
an efficient virtual nenory sys‘t‘ B

ot ed above, nenory may be
accessed by the CPU or by the I/O system 25 The a:ctl on of the nenory

N 1 o o ~ - 1



the CRU instruction-fetch logic. In either event, the CPU 105 | oads an
ei.ghteen bit logical 30 address into the PMA register 411 and initiates a
data read, data wite, or instruction read 30 operati on sequence of
the map nenory control |ogic 401. The eighteen bit |ogical address
is conposed of two high order |ogical agggess space select bits and

si xteen |l ow order bits specifying a Iocatlon within that | ogical address
space. The two select bits may be specified by the CPU m croprogram
115 or may be automatically 35 generated in the CPU, based on the contents
of the instruction (1) and environnent (E) 35 regi sters. The
ei ghteen bit | ogical address also includes, in addition to the two high
order 1 ogi cal address_select Dbits, six bits which specify the |ogical
page wi thinfthe sel gcted i i
of fset wi th} n stiwe ph@EACCH tiheDATAecC
wite, or ipstructipn read |loperatio
control | ogre—404tT— f :
conpl eted, the28 ei ¢hteen bl addredd in thBoPVA register 441 (Figure
35) is transmtted through the address sel ector 415 to the buses 417
and 419 (see Figures 34 and 35) bus 419 transmts the page

of fset portion of the address. EIGURLI&&M portion of 45 the address
is transmtted directly to the physical nenory nodul es 403 (Figure 34) by

the 45 bus 419. The bus 417 transmts the | ogical page address
portion (which nmust be translated to a physi cal page address) to the
map 4009. The map entry sel ected by the |ogical page address is read

out fromthe map 409 to the 50 nap menory control Ioglc 401 (Flgure 34),

the map par ity el B , | atch
443. f ert ﬁhfc i i addr ess s | oaded
into the na)<$eg| tgiP R _dPVPS

transm t t ed“+e-+Re V.UAIeS, uﬁd— FaP—Hee —GOH : 101
termnates tHe ﬁbnnr}“access”%equenCA. milarlly, if th@2parity
checker 451 detects incorrect parity in the map entry, the logical 55
page address is |oaded into the map page register 441, a map parity error

signal is transmtted to t!@i § nenory access sequence IS
term nat ed. O herw se, ere S no error t he physi cal page
address is transmtted fromthe map out put latch 443 over the bus 421

to the physical nmenory nodul es 403; and the map 60 nenory control |ogic
401 issues a command over the bus 439 to cause the selected nenory 60
nodul e 403 to perform-a read or wite operation. In a CPUwite
operation the data to be witten is transmtted fromthe PVD register 423
t hrough the data sel ector 427 to the nenory nodul e over the bus 429.
VWhile the nmenory nodule is performng a read or wite operation, the map
menmory 65 control |logic 401 causes the map entry data to be nodified and
o bosT | SYNC |SCF|  DhTA CSFP|  DAJA SCF,dRS¥Obn ry
data, w tfoursthe parrty bt Qr (e nce ot TS trapgnr a1 rom
the map outng | at cA2443 to tﬂgadlrty blﬂ Ioglc 45%3§;ee Flgu?é 35) €and to
the map data sel ector 447. mﬁé?f operation the physical page
field of a map entry (shown in eﬁf talClin the 5 |ower righthand
part of Figure 36 and the S and T bits of the reference field and the
absent 5 bit are always rewitten w thout nodification. If a
CPU data wite operation is being perforned, the dirty bit D supplied to
the map data selector is set to a one by the dirty bit |ogic 455

O herw sqg, .1 § fled 1 The ref e bIt|R

supplied t% ?ﬁﬁﬁéﬂ'ﬁﬂtai@gﬁt Dr by ef ergn %@”BF ogi c is sef 10
to a one TIrgther.a recad a Wi tTe at i on. 5 e pgﬁalbdl page
field and éh? S, and A s are not ified, as ﬁot ed abo The

map data sel ector 447 supplies this new map data to the parity generator
449 and to the map 409. 15 An odd parity bit P is generated from

the new data by the parity gener Fi gure 35).

A mp wite strobe fromthe nmap iﬁxt;tjigxﬁﬁiéd)loglc 401 then causes the
new data and parity to be witten into the map entry selected by the
| ogi cal page address bus 417. This is the Taplacernbst diagitcal page has been
transl ated through the nmap entry, and the map entry has 20 been rewitten
with updated parity, referencen_andidilrFiB igs. 20

When t he physical nenory nndulg %UB conpletes its read or wite operation,
it sends a conpletion signal to the ~map nenmory control Ioglc 401 over

M [T AN~ - ~ AN\ N 1 o T I T




34). 25 “In a data read operation sequence the data is |oaded into the MD

register 433 (Figure 34) 25 for use by the CPU 105. In an
instruction read operation sequence the data is |oaded into the NI register
431 (Figure 34) for subsequent execution by the CPU 105. The

CPU nenory accesses of data read, data wri é6and instruction read are thus
30 conpleted as described above.

30 An 1/ 0O channel access to read or to wite data to nenory
proceeds simlar to a CPU menory access as descri bed above except for
the foll ow ng. The channel nmenory address (CMA) register 129 (Figure
34) is used to provide the | ogi cal address, and this register always
specifies the systemdata map 469 (see Figure 35). 35 The channel nenory
data (CVD) register 425 (Figure 34) is used to supply data to 35

menory in a 1te’op al hannel data (CD) register 125
(Figure 34) usedm datafromme ry in a read operation.
In an I/0O ch nnel 109 nennry access ss is always a read or wite
data to nmenory 40 access, and there is no instruction read access as in
the case of a CP TESS. 70 In addition, map parity and absent
condi tions are transnMeasste R8SIt he | /O channel 109 if they occur in an
| / O channel accegds t oofifehapnels within As noted at several points above,
ei t her senicondugt or Prshehility&leck nequry(Qi s used for the nenory nodul es
403. 45 When the menory}{irs core nmenory, errors are detected by a parity
error detection stem The pargty error detection systemfor core
menory nodul es ifs eTTect ve { ect . single bit errors.

Convent i onal |ty on ﬁnd checki ng techni ques are used,
er er or | be illustrated.

and deta|
ﬂ?es in sentcdnductor mempry is great enough to

inventior provi des a detection and 50 correction system which
incorpordtes a six bit chexk field for each sixteen bit data word.

Fi gures 37- 41 and rel at S gset out below) illustrate details of an
error det ) et on system used phen the nmenory nodul es 403
ar e consttretea—n—) Digital oc Anglagt dr menory. | 55 The six bit check
field error detectlo tion systemof the present invention is, 55
as will be described in set.' bel ow, capabl e of{ detecting and correcting
all single bit errors and is al so capabl e ofNdetecting all double bit

errors. In addition, nosDigtators of three or nore bits are detected.
While the error detection !md cor ref tion syster be g@scribed witg
reference to a 60 s renory, A& should be #oted that the/

systemis not |i it DK 50 ondbey or neﬁqkynhg5 S
i nst ead usef ul R stor gge~or ansrrll‘éz;%ghF 15 Pdteuipec

An i nportant benefit or detectidr.and ‘corre |on systc#tc +he
pr esent invention resfults fromthe fact “wQat w0t only are single bit
errors corrected but also fpat any 65 subsefuent double bit erfors are
reliably detected after a single bit has fail ed. 65

1 588 803 50 The
mul ti processor systemincofporating the error detection and correct]on
system of the presen invention is therefore tolerant of singl
failures and cap gIe bi t fallures i n sem cpnduct or
menmory until sugh t|rre as;udt [ d O—f-EPt Re—ReH8 The
error detection“are 3 utilizes a systenatlc Ilnear bi nary
code of 5 Hanm ng dlstance four In this code each check bit is a |inear
conbi nation of eight data bits 5 (as shown in Figure 38). Al so, each
data bit is a conponent of exactly three check bits (as al so shown in
Figure 38). An advantage of this code is that uniform coverage of the data
bits' by the check bits is obtained. The error correction and
detection system enbodi es a syndro t#;tﬁgii whi ch provides 10 the

conbi nati on of fast | ogic speed and count .

10 In initial summary, the error detection and correction system of
the present invention operates to add six check bits to each data word
witten into storage. Wen a da mord IS subsequently read out of
menory, the check field portion'é H@e§?BP§g@emb$hBans used to

identify or to detect the loss of information in that word since the tine
it was stored. 15 | n semi conghgg.or tneriifiy Wifer e are two possible

mechani snms for loss of information . 15 (error). One is hard failure
of a menory deV|ce whi ch makes that deV|ce pernanently unable to

o, . LY I T T Y e r L T I T N 1 e
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20 Dbit syndrone. The syndrone is the difference between the check field
obhtained fromthe 20 stored word and the check field which would
normal Iy correspond to the data field obtained fromthe stored word.
This syndronme is then anal yzed (decoded) to determ ne whether an error has
occurred and, if an error has occusygd, to determ ne what type of
correction is required. 25 In the case of single data bit errors, the
syndronme decoder output causes a data bit 25 conpl ementer to invert
the bit that was in error; and this corrected data is supplied as the

out put of that nenory nodul e. I f the syndrone decoder indicates a
multiple error, then the fact of the multiple error is comuni cated to
the map nenory control section by neans of one of the control and error 30
lines to cause an interrupt to the CPU. _

30 Wth reference now to Figure 37, the nenory nodul e 403 includes a
timng and control | ogi ¢ section 475 and a sem conductor storage array
477. The storage array 477 provides storage for 32,768 words of
twenty-two b|ts each Each wor d has (as |IIustrated in Figure 37) a

si xteen bi A : onduct or
35

aLa || u allu AT OT A UTL

syndr one dvAGB€F°A:*C“““na@ﬁd a data b| conpb@nente The

menory noddl rfaces to the resfj of t systgmt si gha
mﬁ@%&%ﬂ&gm ’27METhese pat hsgl nclude: 429

and dat a.

(data to nprAukyMessage (control 40 and er Mpr Ilnbs to ghe mag nenory
control se A2 (trhyscat—atdress—pusr—=9o and 437
(data fron SR @ﬂsdﬁﬂsﬁhese si gnal _anfl dat aMbat hs fare al 6o shoxéin in
Fi gure 34. ﬁ‘%ﬁ tioued referepce to I gureg 37, € contjent of the
out put | at & La mweh m A ad nnt a hIIQOZRQ i bot h he chdck bit

conpar at or AECCmutnbﬁodata bit conparafor 48@. Theggout put] of the
check bit tomparator—#8S—Ts—tramsnrtted-or—ra—syrt-efe—ue—d0d=te-inot h 45

t he syndronme decoder 485 and the timng and control |ogic section 475.

45 - The out put of the syndrome decoder 485 is transmtted on a bus
493 to the data bit comFEGUREA4{a) Gt her outputs of the
syndronme decoder 485 are transmtted on lines 495 and 497 to the

timng and control |ogic section 475. The line 495 transmts a SINGLE ERROR
50 (correctable error) signal, and the line 497 transmts a MJILTI PLE ERROR
(uncorrectable 50 error) signal. The timng and control |ogic
475 provides control signals on a control bus 499 to the

sem -conductor storage array 477 and also to the output |atch 479.

The out put of the check bit generator 481 is transmtted to the storage

array 477 by a bus 55 501
~—gremerakot==d81 | ncl udes
u:« pitsh| Fi gure 39,

A3

t he check(

trees 505 : i ncludes a
decoder saqﬁdﬂkggpv gg a 60 Si x-bit parlty tfee 50 Wth
cont i nued e . i on 507
and si x- b} tChannel parity tree 509 are conbined in erfor idgnptifichtion logic
i ndi cat ed LTy by tne rererence nonerar—Srr—e5~—"s—{ !/ | ustrat ed
in Figure Me bit complementer 437 comprises sikteen &clusiye-or gates
65 1 588 803

51 513. In operation the sixteen bit data word is supplied

by the bus 429 to the storag 7 and also to the check bit
generator 481 (see Figure 37$icm#gmneck bit generator 481, as best
illustrated in Figure 38, generates six check bits CO 5 through C5 by
nmeans of the six eight-bit parity trees 5083. 5

As also illustrated in Figure 38, the eight-bit parity tree 503 farthest to
the left generates check bit zero (CO as specified by the logic
equation for CO as set out at the |ower part of Figure 38. Check bit
zero (CO is therefore the conpl ement of the nodul o-two sum of data

bits 8 through 15. 10 By way.o I the check bit C3is
generated by an eight bit parity {reefgb%%nﬁﬁﬁ%gggr specified by the

| ogi ¢ equation for C3 set out at th r.part of Figure 38. Check bit
three (C3) is the nodul obsieo st nndﬁ:d ' bits 0, 1, 2, 4, 7, 9, 10 and
12 as shown by the logic equation and as also illustrated by the

connectlons betmeen t he elght b|t parlty tree and t he correspondlng
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15 Simlarly,

addi ti on

the top part of Figure 38.
t hese six check bits,
481, and the sixteen data bhits,
entered in a particular

37, the six 20

FGHRES -

in Figure

in the storage array
0ogic 475 and

addr ess bus 419, 421.

control |

has a si)

of eight

bit check field generated for that

each of the other check bits is generated by a nodul o-two

data bits as illustrated in the logic diagramin
To acconplish a menory wite operation,
check bit generator

as thus generated by the

as transm 6t&d on the data bus 429, are

| ocation in the storage array 477. As illustrated
check bits and the sixteen data bits are entered

the timng and

ontrol of 20
N8 8- Smdmid bR O 0 1 17

Every word stored in the storage array 477

word in a si

m | ar mannegr.

This cheg¢k field is retained with the stored word in the storage 25 array

477 unti |
accessed

475 and {
of the
479. The
Si Xt een

by a bus
Figure 39

t hrough $5__35
nputs are ei
is related
vero WeS fised

only for camputing syn
el syndrone bit] zero (SO i

505 whos
syndr one
check bi
is used

an exanp
of the 4p
equati on
syndr omne

\1%

connecti p

the ti me when that
a read operatijon.
to be reqd out of the storage array
he address on the physi cal
sel ected storage | ocati
latch is 30
lata bits and the six bit ¢
| atch 479 the sixteen data bits and
e check bit conpa
k bit conparator

{ Each syndrone bit

for 25

out put

489 to t
, the c

b t

ht data 35
0 a corres

| ocat i

twenty

When a partjcu
477, t hi80t i ni ng and coﬂw

juent lfy
rd i

| ogi c
s.ihe Jcaont ent

| ar wq

9, 421 cafise
into the ou
to

hccommpdat e | hd

ec

th fi Azﬁ??%e Fansnijt t ed
at . ed in

48 i il é?aa

t put ljat

m t he jout|put

1 £
y Ul

CUITHK

check bit zero and data

at the bottom of

40

bits S1 through S 5 is gen
~correspophdi ng check bit and eight o

ns to the

particul ar

the | ogi g diagram part of Figure 39
errors apd the types of errors, if

interprefing the value of the six s
Tabl e 1 pnunerates the sixty-four p

code andj gi ves the interpretatiion_for each possible value.
Syndr-one| Codes SO S1 S2 S3 S4 S5 ERROR IN
ERROR | N 0 000 0 0 (NoError) 140 0 O
0O 0 00 1 Cc5 0 0O 0 1 (Double)
0 1 0 o7} 0 0 1 0 (Double)
( Doubl e) _ 0 1 D8 0 1
0 1 {0 Of (Double) 0 1 0 1 (Dotibl €)
1 ( Doupl e) + tBotbtg) 0
0O 0 Oo}1 111 0 1 1 1
1 0 po | ANG 6“%7;9 ubl[;in) 0 0 0
o o p 1 D1 CW%AM%Z ﬁeﬁlﬂﬁi (Deubl e) - 0
(Multi-Al 0'§) 1 rnm tl) 0 0 1
Doubl e) 0 0 (Doubl e) 0
0 D12 D 1 D} 0 1 0 1 O
0 1 10 0 111 O (Dou
0 1}1 1 (Doubl 0O 1 11 BWHH) 0
o 0 p PROCASSINE UMfT0 o (18 ( Doubl e)
0 1 (Ppoubl ¢) 0 0O 01} 1 D13 -
MOBILE
)
120 This is the raplacement sheet

i sl the out put A nine-bit pprijty tree
amW§wgnd onejcheck bit. Eadh
ondlngdypnu red cnecgSO pbi t]. Thus,
ot bit zer check it one
ro and rso—f-ok-ihr As

nt of the no
15 (as shown

i gure 39)
r
at
Ce or abs
ny: by 45

dul pb- fwoYsum
injthe ljogic

SowrRed v, | edch |of

jul ﬁw lsun‘nf a
nmﬁhg he
eac syndrojprelbit in

encg qf

ndrome bits on the bus 491.

ssi bl e val uBSFSTANBY si x b

I FEB 1987

Date:

it syndronme

{S0 S1 S2 S3 4 S5

0O 0 C O
0
0 0 1 1
0 O C3
0 1 0
1 1 0 D10
(Double) 0 O
1 (Doubl e)
"0':1 O
S
1 0
1 (Doubl e)
bl e)
1 0 O
0 0



0O . -® 1 0 (Double) 0 0O 1 0 D4 Kol
0 (Doubl e) 0 1 o __ 0 (Mlti)
0 1 1 0 D4 0 1 1 0 " (Double) 0
1 1 1 ( Doubl e) 0 11 : 1
0 0 (Dwble) 1 1 1000 DI§ O LD MK

0O 0 O 1 ( Doubl e) -11- 90 0 1 @ BT ms + 0
O 1 0 e 0 0 1 1(Double) 0 0
1 1 Y\LMMQM: 1 0 0 D 0 1

0O 0 (Double) 0 1 0 1 (Double) 0 1 0

1 (Mmulti) 0 1 1 0  (Double) 0 1 1 0
(Ml ti.) 0 L. A thethodIfor locatifgy/lal donjrol channel amod} a pluralitylof ¢hanneld

( Doubl e) . THUS (NUMBER OF 1's | N SYNDROVE) 0 BITS - NO
ERROR comprising the Wﬁ DATA BI' T OR MULTI 1 BIT - CHECK
BI T ERROR . - : : > . )
BITS  MULTI 6rc§hl§tmg, Wé%grahty of said channe%, %c-ﬁo% 1@3%%%&%

53 points toward said control channel; 1 588 803

53 For exanple, if _all of the syndrone bits through S 5

: . S 0 .
are zero, there is Fading, byra mebile station, ogg ohsaid phisalityaf chasnels & agquirecheck
field. Th&a?d 'l&aﬁ&?xrﬁf}ﬁ%t%no%hl | ustrated at the upper left of
e

Tabl e 1. présence or absence of errors and the type of error
is summarized at thpchghg Wy Sid mobilestatibabksid bontrol channel using said location O
In this summari zation, en all six syndrone bits are zero there is no
error, asinfotmaltion; above. If only one of the six syndrone
bits is on. this indjicates an errqr in_the correspondi ng check
bit. It should be n¥ 8’E?‘atsaﬂ<|%ipgut?dfﬁ¥tOfwaﬁneﬁ'écwbpvS@ra’colregshpeesqfngl e bit
errors whdightatl@raffic si@naRObnkRPUirk Eri 5O
10 € As al sogi ndfcatﬁuirﬁﬁlﬁghgﬁm?grg%aéﬁc ot}@oxn\?{)r&%bl e 1,
when two bits are on there is a double bit error; and the two
errors could be (a), one eré)cr)rl in a and one error_.in

i

dat i .
check bit or €b) twd SYSERY LOTjicaling ad%%"gmﬂcb@"& ame§g ?\H&u@r@oﬁ’é‘ﬂ}%“@ﬁe check

bits.  comprising: V€N three bits are on in the six bit syndrone code, that
condi tion cegn cgrrespond to 15 either a single data bit error or a
mul tiple error. a base statiod Svhich broadcasts said pluralitpmyblcharnfelsarsd gliglebi t

error in.a data bit, .see the syndro code 111.000 .indjcating . a
singl e bilpcasiop dptormatian Qi feas some Al $21g Feis S, SigHpcatoRdnfAMatigR Tabl e 1.
As wi || ‘e j hay- e detail below, the syndronme decoder
485 (Fi g%‘raém ‘g‘rﬁ’éfdﬂggéﬁ{ébg \}/l\nal’ :ER& cause the incorrect value of
data bit 5 to the inmebiledtationrwidch eshds one of 2fid at 1ésesayan df said otlemrmiieto 485
provi des two functions. . ) ) ) 20, .
First, tReQsyHsdlecagendatrmatien gnd whidsthan logafssisaidocantrol ghanpehpsing said

conpl enment er 487 %see . Figure 37) by way of ‘the bus 493 in the case
of singl €°G318R3PtOT@MARE which i nput causes the erroneous bit to

be inverted w thin wherefatsaidiat 16atpd AR RIfESaid&hannels compriseSACRAGL Y, the

syndronme decoder_ 485 provi des on? of two error signals in the event of an
oL  errorone of : digital traffic channels, analog traffic channels, or analog control

25 channefd. Single data or check bit error is transmtted on the SING.E
ERROR [ine 495 to the oo - ti-mong.-and.cont.r.ol..-l.ogi.c 475. A
multiple error indication is“trahsnitted on tthe MELTI BLE ERROR |ine 497 to
t he tinmng and ¢ontrol logic 475.. > p@@d..... A MILTI PLE ERROR

signal is generated in theYcase of alt doublie fistienr ors and most 30
three or nore bit errors. This MILT PLE-ERRCR miggaal.. §as not ed above,

causes an interrupt to.the CRU:&Q5. {:see-fFi.gurie 34). The
construction of the syndrone decoder 485 is shown in detail in Figure 40.

The syndrone decoder 485 conpri.sessgadecoder (507. a six bit parity
tree 509 and error 35—tdenti f teat-i-on-togrec-5L1:

35 The decoder 507 decodes five of the six syndrone bits (bits

S1 through S5) to provide sufficient information (thirty-two

outputs) to generate both the error types (whether single errors

or double or nmultiple errors) and the sixteen output lines required for

i nversi on of data bit errorgnighistihe rgpstementdstiertbi ts. These o 2L (o
si xteen output lines required for inversion of A0 data bit errd#? are

i ndi cated general |y by the bus 493 and ar 8 3d8kR i188%d i ndividually by T e
40 Date: P4 [OQ\ a8



t hrough" T15 in Figure 40. The decoder 507 out puts which are not
connected to the OR gate 512 correspond to - errors in the six check
bits. Errors in the six check bits do not need to be co ' e
errors are not data bit errors), and these outputs of tmnmﬂuuimlmﬁmn
therefore not used. 45 The remai ni ng out puts (the oatput st connect ed
to the OR gate 512) represent double or - ¥ multiple errors and are
so indicated by the legends in Figure 40. Al of these cases are

collected by thge OR g@tbe 512.and are.one conponent of the nultiple error
signal on the I1ne ase Slany CUPPHHRE 4yt put of the error identification

| ogi c 511. méRs iaHé i i t
decoder 45 inclides a par ?{)flggd?ee&g%%%mh&aﬂ%é%ﬁ orlrcrzséﬁtsﬂ@éﬁr}n ul o-two
sum of syndrome bits ng@ns Heninghid8 location information on at least some 60 said control
The resulting.even or odd aqutput. of. the parity.tree 509 corresponds to the
error cl as?ﬂ‘g tralfic channe hﬁ‘ﬂﬂtl a“PHé“ESHP?g?ﬁ B‘P‘qu%ﬂafoé"af‘i?t least one of saidrhys,

t he EVEN out %ytol%%én%&rs[esponds to syndromes containing no bits on, two
bits on, “°*Y OUFr°pits on. or six bits on. 55 The EVEN s?/ndrorre
correspondi ng to no biliaetns{idoateleast yoims axwliddeodtiol gmdt treffigFhannels

MULTI PLE ERROR out put. signal 497..b ate 515 I I e zero
syndr ome c&é’é“‘(ﬁ”f‘?egbtlﬁé?t ?Wpﬁ? 'fqlgﬁaggﬁagg{e%r&?d?e?% a{"f\%@)%g{a?%lé%%qu

Syndr ones GRmiléE ROntred chhselen, four bits on or six bits on are thus the
only remai ning EVEN syndronmes which in conbination with the

MJLTI PLE signal constitute nultiple 60 errors as transmtted on the
out put Iine MITIPLE ERROR (497). 6 An

0
output is desired ona hRthadNekB Yol At Edee ki nly for si.ngle
bit errors. Since the cr)%? outnng?érg% @ﬁ%kﬁaﬁﬁ%@%w& ﬁ@%?‘f‘gy
tree 509 ctherstegsonftls to one bit on (check bit error), three bits
on (data bit error or m,l‘ilty!g it errors), . or five bits on (rmultibit errors)

S
in t he si x- BfgVt PEHEN 1BOTMAPL BRIBENG 1o 2 digitslieandro} channehenkaot t om
of Tabl e ljeastt ddeneOSt st Eitibnels: and> ©ON line 50 nmust be qualified so that

only single bit errors are transmitted through the logic 65 54
1 588 803 broadcasting said ch | iri . 511 to the line
495. Those three-bit syndr onegcoldde(s: %“o“r"rseé’SSEéf‘r?ér %@éﬁufalcfi bit errors and

al | of the five-wherggnidrad leastiesomasif sdidrdfammel beomprisedediaatt hat
only the sjingle byt .enr - transmtt op_ the line 495. This is
acconpl i shléfggt()’? 'aéllg’llﬁa\l/et?{lerc gliafﬂ%ﬁ%f gé%aqﬂﬁldraﬁfce‘:ﬂann%igf’r gnalog\cepigel £
ERROR out pulianmzlgenerated on the |ine 495 for syndrone codes containing a
single one bit (check bit errors) and also for those syndrone codes
containing three one bits corresponding to data bit errors. As noted
above, the odd output of the parity tree 509 i ndi cat es syndrones
containing one,. three or,.five.bits on. The inverter 517 and the AND

gate 519 excl ude- rrul*}i"b‘?bé{eest‘?tlﬁ’f“ FIPREBIEt syndrones and all five bit
syndromes. Thus, thendds foF NabifsgFBE AR O bR Hatid? Do Sl Yeoslap! e check
bit errors and single data bit glO N errorls.ég%nﬁg#ggghdelg%ltﬁophggrors do
not need €banse! Fonr elmnagls vakigh arebraadeast averi an &r inveacet @and corrected by

the bit conpl enenter_487. - The, .ogi £ _equatjons fqor MJLTI PLE ERROR and
for SINGLE ERROR i é‘t“’é&zé F e to Sa’%Siggﬁﬁ?%’?m?PBﬂ}"sl uHng s3d deeasiont he
operation;descrihed above. 15 There are sone errors of three or nore
bits whicﬁ are not’identified as nultiple errors 15 and in fact can
be incorrectly identilferein sxsidrhaenehy Soprias a$iloM i § ¢ ?rdﬁgirtﬁ (r%?{i ectabl e
errors). X\leanveeir,ar'gat]g qoqr)tlrlml 21pat:I'ern of ‘error generation IS such that the
det erioration of’ 8 {1 ehqnnelsy orpanajog soatrod ¢hanelse three bit errors
occur. For exanple, the normal pattern of deterioration of menory
storage would first involve a single bit error fromnoise or 20 conponent
failure, then would later involve a double bit error from additional

failure, etc.; 20 and the double bit errors would be detected before
the three or nore bit errors could devel op. The function of
the data bit conplenenter 487 (see Figure 37) is to invert data bit errors
as detected by the syndronme decoder 485. Figure 41 shows details of
the construction of the bit conplenenter 487. As illustrated in 25
Figure 41, the bit conplenmenter 487 is_inp ive-or gates
513. Each of t hese gates 513 invgblPsfggﬁ%?%}g%C%ﬁ?@%eﬁon a line 489
when a correspondi ng decoder out put on @él 4%3 is asserted.

The corrected output is then transmttgdtan a ﬁut line 437 of the bit

conpl ementer 30 487 as the output of that physical nenory nodul e.
30 This conpletes the description of the error detection and

L e —— - ey M T .



35 . logical addresses within these address spaces to physical addresses.

35 The di vision of logical nenory into four addy | tes
t he system prograns fromthe actions of the userd'mummﬁmmﬂlr
protects the system prograns from any user errors.” THe d&i vifsidn i nto
four |ogical address areas al so providesjfor a separation of code and
data for both user code and data and sys%em code and data. This provides
the benefits 40 of non-nodifiable prograns.

40 There are specific fields within each map entry for this page
address transl agi on @an i I'di Inh Lyt . One
field permts transl gt ?‘S%Mgf folr (%?négﬁhggg(gggﬁ??ég@es gélp%@é}fgc%lpmﬁggg of

addr esses. channels usingAnotobde sfatioh compoisingethe aepsbfence i ndi cation. This

field is an absence bit, which all. ) i npl enentaton of a virtual
menory scheme where F@&?%P“epﬁégégm’ﬂﬂf&sqfd:@aﬁ“ﬁl% secondary 45

nmenory. Anot fetirihd 8dtibs i e i St field This reference
history field all ows élau ncy 1o 1@0%&%&3@%@@%%&%@@%‘&{ %orﬁlé’l ﬁg?’?ﬂe i ned
for use byfromesaixbone gf szidgdenalityuof thannelsf aridhe oper ati ng systemto

make the virtual nenmory, schene an efficient. scheme. Frequently accessed .
pages 50 are retai MOBUPANEstidedgitahennigl changeljusmeesicklocaon fdrmatipes ar e,
sel ected for necessary 50 over | ayi ng. Adirty bit fieldis
mai ntai ned in each entry of the systemdata nap and the user data nap

so that unnodifi7led dZhe npalgebofelainé | désidid 546 ond be suarMeialityedr edingeRages
so identified are not swapped out to secondary nenory ‘because a

val i d copy*odtPriseae dgial tpifje channgly eady 55 present in secondary menory.
55 The nenory systemincludes map nmenory control |ogic which
automati cal |y mai ntains the reference and dirty bit information as

CPU and |/ 0O chafinel Bhewoeted ofrdaimnde wherein said omeabhsapd plurality of chaifinds
menory syste f r invention provides for three CPU

i nstructi ofm _p_r?ses é%%nﬁg‘g/i\%%‘hﬁ}%ﬁ“egnd.Al\/AP-- whi ch are used by the
operating system s nenory manager 60 function to maintain and to
utilize information in the map. The menory system of the present

i nvention inclufes altfumethodrafl daigess, whereinesaideams 9f said plurality Gfechapmads y can
be accesse | h nd by the 1/0O channel. Accesses to
menory by %@%@?{@i%ﬁ%ﬂg%’m@&&nﬁzﬁ%w to involve the CPU and the CPU can be
65 perform ng other functions during the tine that an I/O data transfer
is being nade into or 65 [err 55

1 588 803 10. A method for locating a control channel in a 3&diocommunicatiansystedm
menory. . The operation of the dual port access to the nmenory al so
i nvol ves aclstpﬂsg\[gitgﬁ S@yst"ﬁe map menory control logic in the event
that the CPU and t heyrbli@ifzhebiflecbl 88MeeR aShaBild #ABAYhA 2 base sati@CHESS O

the menory. In the case of simultaneous access, the I/ O channel 1s give
priority said mdiocamchunicatioPsystemt s until that particular I/0O channel access
has conpl et ed. . Physi cal ry.is. expandi bl e by the nodul ar

addi ti on of physi calseﬂ%’%ﬁfn%%ﬁ%ﬁ’@é ?ﬁen%r%mauon OQ'Fﬁg PRYRAUCR) HoahsAld Bassdul es
i ncor por ats@tioh Mo sk HAIE: QhtieWhRANHHGHEY 1oBRIBY MforffatiBh pointing to safiet €Ction
and correction under certain conditions. Single errors are tected and
corr ect ed control channglpanthat operati on of the CPU and |1/ 0O channel can be

continued even int . Qf t ransient .or permanent failure
wi thin the physical qgm“@‘ﬁ%%t“n‘g&&ﬂ‘e‘.‘“ ﬁ’??ge‘“ ll’ragFm‘bié?%)é [SiAtoRgsing aid Tocation
corr ecti Olinfoyma®en feReRed $R%n saiWakd Yafiv® bit word vvithi n t_he storage
medi um Si xteen bits represent the data and six bits provide an

error detection and correction check field. The six bit check
field allows the detection and correction of all single errors and the
detection of all doubl e errors. 15 The core nenory incl udes
parity for the detection of single errors. 15 In the
overall nultiprocessor system of the present invention each processor

nodul e incorporates its own primary nenory system

Si nce each processor nodule has its own nenory system problens of shared
menory in a nul tiprocessing system are avoi ded. 20 The
probl enms of shared nmenory in a nultiprocessing systeminclude reduced
menory 20 bandwi dt h avai | abl Bris ds thepeapldcenient speecessor because
of contention, and this reduction of 3&? @Rl e menory bandw dt h
becones nore severe as additional CPUa ‘%[eﬁca) ‘néd“wi t h a single
shared nenory. The probl ens P interl ocks relating to the
comuni cati on between CPU s by nmeans of 25 areas within a shared
menory are avoi ded by the present invention which does not include 25




shared nmenory and whi ch does, instead, provide for conmunication between-

processor nodul es by an interprocessor bus co
An addi tional problem of shared nmenory is that a fail u;’g’mmm Hﬁ"}ﬁﬂﬁm
menory can result i n sinultaneous fal I ure of s

CPUs in the system That is, in a shared menory system a single
menory failure can stop all or part of 14he system but a nenory 30
failure will not stop the nultiprocessor system of the present invention.
The dual port'access by the CPU and the 1/0O channel to the nenory utilizes
and is pernmtted because of separate addr ess regi sters and

separate data iegl st The CPU has

4o and 35
a specific register ’gtfﬁ%“’ﬁi?m?‘éat%?‘é't ?Y%%‘éc???“i’t?étr‘&y for receivi ng
instructions 35 a plurality '0® FoMREDEHanndl oSeSORRE Hase FRGormPeGlsklifat£9i ster
al l ows overl apped fet chi ng” of the next i nstruction during
execution rmelvmwmxsmtdamaastrucu on (which may involve the reading of
data from nenory). t nd of .a current. instruction, the
next instruction carf pﬁ"ahty f“ﬁ‘ég? ﬁ%‘at"inﬁgéﬁ'ef Sk base statigns Favsmifandi ng f or
an i nstrugkéve 8tkhdata; 40 The map is constructed to provide
significantly faster access than the access to physical 40 mai n
menory. This provi des leashondewbdé stzﬂnefwttteh isrcanhectéd ansieadf suid dhseastdii@sses
t hr ough one result, in the nenory system of

o t he, <.
the pr eseﬁﬁ‘ﬁgrﬁfﬁrﬂ&%mﬁ%“)‘rﬁﬁ traffic SWQW?‘E enin the time that
the physical nenory rﬂé‘a‘?ﬁsﬁt t3d BRE Bgsﬁg%&ﬁ?kthﬁ&?sdfor trar ftuttm aB%%ééé
rewiting is so fast e rewitin e does r‘ease
cycl e 45 said at least oh¢ mmbile station when sAldat, leadnemb mgfbtlﬁl%emibneih dvﬁebﬁﬂiechhg rrap
can be acg,essed reduces.the overall time including

transl ati SFPT &¥di qf’éd’ffsé-td aa ReHSo)S Rk Bigssage including mfpamttqp Wblchmqiﬂtélt%ed
and checked E{deco%ﬁro storage itself. This provides 50

i medi ate [ n i cation o any failure in the map storage before resulting

i ncorrect operation in the processor nodul e can occur.
Attention is hereby d| rect ed to our, .co-pending Applications Nos. 3057/ 80
(Serial No. I2-. 7 A pagmsiaugn CoiiB@iBY (Serial No. 1588805), 3072/ 80

(Serial No. 1588806) ) relate
to particul ar aspectaséﬁgcé%rsécggtr%m ofhﬁ 1B néls?tg dee}éx%g%gZa\W@\E CLAI M
| S: channel and traffic messages on a plurality of traffic channels; and

55 1. A nmultiprocessor systemin which separate processor

modul es oper ate con&$aRgfarl determining mfomat:cmm@rhmmemy siipervigpsy eaacont r ol
and appl i sai.d mul ti roce conpri si ng:
a plurali ﬁ‘?g%ges %BP ?Z’ag‘?do&&éséé?s IR frl"t-“:%%%%&eéd?dkt%ﬁlﬁ?léonprl sing

a ﬁﬁxﬁg’itov%@%ﬁsédhﬁ'opehénneﬁ separ ate main read-wite word
addr essabl e nenory havi ng sufficient capacity for the storage of
system control and applicati on prograns and data and 60 a

dedi cat ed nenor bus Wi tF‘ﬂ:g t he processor, nodul e connecting the separate
mai n far éragr@mﬁwssa discagaectionmessage BEPMHd Batessatep uni t
for acces%oh9n§ﬁgqh@@@ §dps and data w thout contention wth
central processing units in other processor nodul es;

i nterprocessor bus rprayvidingepdisaonneation diessage dncliidingriamatiom infotmatignvhighst em

and froma . ner’it)r btis a&td i nt erconnecting the processor nodul es for
di rect pr m@&%a%@ﬂ?ét{é@e 56

1 588 803 . transmitting said disconnection message. o6 processor

nodul e signalling an ata Transftfer, said I ntefrprocessor bus neans

i ncluding a comon shared |nterprocessor bus, interprocessor control
means in each processbr nodul e for connecting t hat processor nodule to
the interprocessor bus and centralized bus control |l er neans

oseratively associated with the interprocessor bus and each interprocessor
5 <control nmeans for determning the priority of data transfers over the

i nterprocessor bus and 5 for controlling transm ssions over the

i nterprocessor bus, said bus controller means including arbitration
means for centrally arbitrating the priority of said data transfers and
bus cl ock generator neans for controlling the tinme sequence of data
transfer by a processor modul e ovayis idgel Rbeceprentsbeatr bus. 10 2.
A system according to claim1l, wherein the dedicated nenory bus in each
processor 10 nodul e connects the nenory 4 I processor nodul e
directly to the central processor Dyai t |¢?13§?'g§§eessor nodul e and is
effective to exclude any direct connection to a central processi ng
unit in any ot her ~processor nDduIe SO that the nultl-processor systentls

L, I LT o o 1 g, - o e [ N 1



4. A systemaccording to Caim3 wherein the processor select-logicneans —

distribute sel ect signals over the individual select || 0._Se R
data transfers over the interprocessor bus in such a m l! ”' ]U“I
failure of a processor nodul e does not disable the interpr y .

and does not prevent other processor nodul es from comruni cati ng over the
bus. 25 5. A system accordi ng t®-any one of Clains 1 to 4, wherein
the bus controller neans al so include bus control state |logic neans to
identify a sender-receiver pair of processor nodul es and a tinme frane
for a transfer_of d@tbg? ver_ the bus between the sender-receiver pair.

30 6. A sys{‘ m a |ﬂﬁgsqt}5’“awp&1c’g‘géf Clains 3 to 5 wherein the

processor sel ect |0gifaceidér for recaﬁag%ugadisbﬂt_@ézﬁ)w@%@%@bn%gtm Wty are
operatively associated by the selectl signals in polling to %eter ne

whet her t bécemtrelathanngls and smffic messages 08 anpafly plurabynal maffictohanhdl svaridt

to transmt the intended recei ver nunber on the bg‘%@] i.n %onbi nation with a
recei ve comand RIGCTSIRG; Yt 1A CXHACNg W0cNag nirmalen Hom Adsupinagieriul e

whet her t rddhienl ot 2 -S,a?}y r. , in
conbi nat i g%ts ﬁ%tahw}geggﬁ%caz%ﬁrg\%ﬁtsﬁ%gg‘ ?%g%gg il ocrotn? ﬁ{aeg&'né@taenga@gnder
pr ocessor comehahdinghsaid regeiver amminkdo ssdnshienyf sardpluceliay bbvontroltahannels.
transmt the data to the bus. "7. A systemaccording to Claimb5 or
6, including qualifying nmeans for enabling the recei ver processor
nodul e to receiye d : ecution
of a receive dzia?a |%ﬁ%§%ﬁqg§&? ﬁ%ctxgg%gﬁégi?é %@gggggggﬁ%n}?%mee@ps ¢ 40
8. A system accor di negcdivinglaadisconnpesthmessage ovee abusr mearface] | er nmeans i ncl ude

bus control state |ogi.c nmeans_and.th ual,ifyi ng means incluyde the
conbi nation of a fi %ﬁ”lﬁﬁgﬂgcqt‘ﬁ“t‘ﬂfé’"“am“ ?fr" %gé%cg‘g]eébf“ei;%?dvh%nsfor
generat i ”Qoﬁl(tjéﬁ ﬁagtloéﬂti%ﬁadf Plodeitf cﬁl%{rpegt line to the receiver

processor ‘nodul’e, second neans I n the Bus control state |ogic neans for
produci ng a 45 r eceiiscennstingndidsmgbidd sthtor;hendr ecei ver processor nodul e for
interrogating the readi ness of 45 t hat processor .to receive; and
third means for gendvRing ¢ saéf canfrol phannglousing sAid decatian infeanqton.

acknow edge signal to the bus control state |logic nmeans to indicate

readi ness to receive 9. A systemaccording to any one of Clains 5 to
8, wherein thelgr ocessethaEfordbedtingi control chaaRs agengagiteralin) yf oisnell ect
signal at a tinme to prevent other processor nodules from50 transmtting
on the bu§ORMPRHSINE e 6ERS Pfwi th t he establ i shed sender processor nodule. 50
10. A system according. t. . [ rel ch connection
of the i nterpr &5@&@% %%ésp%?%hgf%%@g@g#tkgad%ueﬂ%%gpﬂggg a plurality
of common data pat h thild@g each of ydid Glocks asedarped djeiaive lieHEBO®B 0P findline

mul ti processor system a plurality of common bus protocol |ines, one
bus cl ocksaifl sonirpuehsanplythereinvandual |ines; and a plurality of logically 55

di stinct select i neli\{ﬁﬂﬁ@%ﬁf haﬁﬁ%l? Wi S%ﬁé}(efsﬂgﬂ%f blogk ta lqcate a control

55 11. A systl ing TO any one®o arns to rern the
bus cont r ehdmel.neANS and the interprocessor control means of a sender
and a receiver processor nodule are operatively associated to place
the follow ng signals on the interprocessor bus in the sequence: - 60
a send request 15i gnay mdiémﬁﬂmcm@pgg@m c@;ﬁgﬂgig which is ready to send, to
cause the bus 60 controller to’l eave an id%e condition and to begin a

pol Ii ng operation; @ base statign ydlielc comimgnigates fwithhmmohie batiomsouding b Iphuratity pol |
in sequence gach, pracessor .modul e until .a .. ocessor nodul.e which is
ready to ggﬁ "ﬁl&eﬁ%‘ﬁfﬁ afpels grouped 5&8@rR}u%%S\?\E@Hg‘é?’ﬁé‘gﬁﬁ%I@WtW%e
recei ver RpefeselafiveidelifoodWHraidina tbRréladianhdiNg SactPBliock 4§ @ processor
modul e to I ndicate readiness to send in response to the select signal from
65 57 means, in said mobile stations, for investigating chdnn8B8in8AR1 blocks

57 roller, and also to identify the receiver processor
nodul e tob%sﬁg ‘%é@ S%@E{afl%nlgeh a select signal, with the receive
command signal, and with the identified sender processor nodul e nunber
on the data lines, fromthe bus controller to interrogate the ready to
receiver condition of the identified receiver processor nodule and, to
indentify the sender 5 processor nodule to that receiver processor

nmodul e; 5 a recei ve acknow edge signal,
fromthe receiver processor nodul e to Thilisctheerephgemeatyhdst receive
condition and in response to the select signal and the receive command

signal from t he bus controller ans; affidy SEP 1998 a select signal,

with the send command signal, fromth ¥rs control ler neans to a positive
10 receive acknow edge indication, to enable the sender processor nodul e

. o T B 1 e 1 b Y . o T .



means for transmitting a sequence of data words to the interprocessor bus
inatim interval defined by the bus controller rreagg i’"“"‘“lmjwu,m
system according to Claim 12, wherein the bus controller o 1R ,
bus clock and each central processing unit includes its own separdte*
clock and including 20 interlock rreanj operatively associated with the

i nqueue nmeans and the out queue neans f P' 20 operating a part of the

i nqueue nmeans and a part of the outqueue nmeans in synchronism with the
i nterprocessor bus at the bus clock rate and for operating another part of

t he i nqueugg Mea : ts: 2 neans in N
synchr oni sm wi tﬁsf heq%eﬁ?glgﬁ%ll mﬁ%&%&&é@%y@ﬁﬂﬂﬁgﬁ&zkﬁ TAJISEUTTYRIAHRN o
at its ownspeeartavingcd phitalititof anhlopaint digissd comniliicatidR chimiels"@InBiising the
elimnate the n?ed for a master clock system subject to a single. conponent
25 f aiSte@? 8whi ch coul d stop the entire nultiprocessor system '

14. A system accordi | . tein the.ingueue nmeans and the
out queue neans %?%&@rﬁ&ég@ééllﬁgo%%%%g"?etﬂfaoqlmlboﬁpﬁoﬁl%fer over the
i nterprocessor bus atraskih@esch of said BlbRReBERAupSH adRGisH BREMYIA findigst er
than the rate permtted by direct nenory accesses 30 into and out of the

memory secf3i854gig copgolshisaaeldbereifsdul es to i nsure adequate 30
i nt erprocessor bus avyajd:abil i . : | ar ge, nunber . ocessor
P \f@ddlﬁé) Ih ﬁh%%nee?\énﬁ{ﬂg% ‘jxg%t%gtsxgpg%gqee?f samO Llol?: : 15, A

nodul es is connected

system accordi ng to Qegirinkse qrsaildflchay{ﬂgri@iandigng dhagpgue neans include bus
fill state | ogic and the outqueue neans incl ude bus enpty state logic
whi ch operate in 35 ceguhngnif sadwhamnel henons digitelcthannel, tdeeat rapd edegermians

i ncl ude pr r._enpt yv. te.l oqic .35 and..t he .oyt gueue nmeans i nc) ude
processor ? tﬁﬁiggtlgtsg& 'X‘éﬁf(é?mk@ﬁ%&ﬁé’f ard i?lﬂcw%ﬁdﬁgﬁcaﬂq?f: is locategheand
central processing Udnti€}ifgKonce a digital cHanné HaY BE&MREERT Shiddid g 15,
wherein the interl ock mea*ls"i ncl udegl ogi c interl %ﬁ’s%@gﬁgh%ﬁgm
processor #§ pne of adigitad glafficphhnnpleansua digitet gorgtchckardneli ¢ of the 40
out queue nmeans and between the processor enpty state logic and the bus fill
state logic of 40 ~the inqueue nmeans and wherein the |logic interlocks
qual i fy certai mgrangheinifodbf tlafn 180 fgrther com%ﬁ?ih QH@Fé%%E to another

a

state and nake correct operation independent o relative cl ock
rates. 17. A sgquuimng.afremraiiead digitad msafic elamdeln doaation infowhetiani n t he
bus controll.er. ans .45.. i ncl ude bus. cl qck generator, a packet counter, a
sender reg"é‘ﬁé‘?g@c’%df qlg iQPé”o} g]bq'@f’lerang 45 18. A system according
to any one of O ai rrfsloleatiﬁg)salia,digmrcemeomﬁhnélRﬁhﬁg%ﬁid%maﬁon. includes an
i nqueue counter an inqueue buffer and a sender régister. 19. A
system according to any one of Clains 12 to 18, including a second

i nt er processor ) d, a. seco bus_control | er means and wherein the
i nt er processor 2_(:00'nt r%ﬁe ﬁé"gﬁ%" gk a%’é" q&a&’ﬁéﬁfbéﬂé@&ﬁaﬂ%wpenatm @IRPIEdeue
means for geghviioh eldAtifessSapRySf ad W&% and digiRHmoliHiCdlica" ©
shared by both interprocessor buses and wherein the |n§erprocessor-

control nechagnglp |withimevhich g digial nentral chanhedmesidest he i nqueue neans at the

central processing unit nenory speed and enpty the outqueue neans and
fill the inqueue nmeans at the interprocessor bus clock rate. 55 20.
A system accor diing t A mBHo@T6r Wcalihgdh iéa?caﬂrd;%haf{&@%ﬁfog ga;ﬁt?ra@i gpeue
means 55 i ncl ude an out queue counter, an outqueue i fler, receive

regi ster awa@negls comgosing the steppofint er for connecting the outqueue buffer to
one of the two interprocessor. buses. - 21, A system_according to an
preceding daim i nc&?&?'ﬁ& SﬁldpPlﬁ‘PgﬁY £§ cpnnels igia, Bﬁ%%l%r"f b(foc(?‘sbusgs Y
operatively associated with each processor nodul e and a separate bus
controller 60 means operatively associated with each interprocessor bus
for determining the priority of 60 data transfers between any two
processor nodul es over each interprocessor bus. 22. A system
according to Claim21, wherein the interprocessor control neans and bus
controller means are operatively associated to permt each processor nodul e
to send data over any one of the interprocessor buses to any one of
the processor nodules and to permt 65 each processor nodule to receive
data sinmul taneously over a plurality of interprocessor 65 58

1 588 803 o 58 ~_ buses.

23. A systemaccording to Claim?21 or ! S s Ins TﬂﬁQﬁﬁnﬁﬁéﬁﬁ??%g nmeans for
operating all of the interprocessor busgsjyad: Qogy control l er neans

si nul t aneously and i ndependent|y of Dateeach ot'hér YO provide nultiple
.paths of interconnection between the separate processor 5 nodul es.

5 24. A system according to Caim?21, 22 or 23, wherein the bus

. o o S o o r o




i nclude logic neans for performng interprocessor bus control and data
transfer concurrently with conputation by the recei”wl B" ﬁ“ I““I
nodul e. 26. A system according to any one of d ai g
wherein each central processing unit includes a mcroprocessor and a

control nenory and wherein the control nmenory 15 controls the

m croprocessor to cause the m croprocesslgr‘ to interact with the

i nterprocessor 15 . contro s.to effect the jnqyeue e i ng and
the out queue fillinganking each 9%53‘?&%2‘3}%‘? gﬁ?"&c‘!ﬁ??‘cﬁ t’c"Sqﬂﬁy‘ﬁﬁ?‘ggtﬁnaﬁ‘gcl ai m
wherein theg ic’B’hﬁBP&%ﬁﬁéﬁfﬂEr&?”trO' means in the processor nodul es
transmt ang recel ve data over the interprocessor bus in packet

mul ti pl ex bl ock trareidig champiseithiafa highestiraniald ekt locat aadigiteidet er mi ned
20 nunber of words.

20 chgnels system according to Claim27, including a plurality of

| N er prOCEsSOr * DUS eSyyining ORGEAH inkBLYARRAE 3! fifhulieban€ Bidhef QERRGY Todul @
and a separate bus controPler neafs operatrvely assocl at’'ed w each

i nt er pr oc¢sfoerhatidiSpdifting eivairdiandigiall dvdtiol cheninkly anfl each dat a packet
transferred between any two processor nodul es over each interprocessor bus
25 and wherei n t he Usinguseifklagatien infarmeation terleeate said digital centrelcghageelan

i nqueue operatively 25 associated with each interprocessor bus
connected to that process or nodul e. 29. A system according to Caim
27 or 28, whergpn t IMheGRBh6@lof RRIARI VY, WheteRSsald1Step of bralldedPiRE MuRReOr tO
transfer the entire block of data in response to a single send instruction.
30. A systcemprsesohdisiep afo any one of dains 12 to 29, wherein the inqueue
means 30 includes mi_cr.qi nt errut1 ans {Por urgpl éi nal %6rri cré)i nterrupt to
the nicroprocessor PRCY e, 33 said locghiondp &F‘aﬁ? L RUBPCIRS e ppinty i

conpl et i oRyis¥er 8AGAd Pplurhlifydofdhafficls Nqueue means and wherein a program
interrupt is supplied to"the central processing unit of the receiver
processor nmodule only after the entire data bl ock has been received in the

receiver ocessor dul e. = 35 A system according to C aim 28,
29 or 30, wher&in t ei%?‘ﬁ?%f’ﬁ&&é%‘o?rz’c‘ﬁﬁk‘?fo?°m 81§§?ep of! of the sender
and recei ver procesweﬂfgdéﬂaﬂﬁelgnﬁkm@aime&tfo@rsaihqﬂuﬁﬁu ¥f ham@eRnect i ng

t hose processor nodules fromthe interprocessor bus at tthe end of each data
packet transfer to permt the bus control state logic nmeans to
establish a differe sender. - r.ecei \. air. of. rogessor nodul es and to
define a time ﬁane%rmﬁ‘gﬁg 0§ < 'Baz?rke h??‘&;?é’fdéte%B{)\Wé‘gWgtﬁé‘hﬁb"o‘BPﬂéﬁs pai r
of sendertfegepyer processor nodules so that a plurality of data block
transfers 40 between different sender-receiver pairs of processor
nmodul es can be i nt errieaitizthgon selection ofpsaik ene bf/sapd phwalityafichannels based 32. A
syst em accor di ng to afn%r Er.ecedi ng claim including polling neans in the bus
cont rol | eMPARSHE B OLAFTIRG at [east one processor nodule to identify a
processor nmodule 45 which is ready to send data on the interprocessor bus.
45 33. A systemaccording to any one of Clains 28 to 32, wherein
each processor2fodulhe methodwefreiaimi hewbetein sagt step of bnaddtastingdartber or

accumul at i n%ggackﬁt s received from each rel ated processor nodul e and

al so i ncl GBEBNEESSNESER Ve tabl e neans for directing inconing data from
an i nterprocessor b}fﬁ?ﬁgir% & B8Ghdnlc§ bnl WA 1581 doRtrbDEndnfb Al Riung! Means

in the 50 nmenory o rocessor ” nodul e.
50 34. A systemaccording to Caim33, wherein the bus receive table

means in the regceiv rocess dul e_nprovide.a bus receive table
entry which coﬁ ai ng@ﬁégﬂf?’gﬁf’m&%r ¢in Sald Bote SEUPR BT9adeas (A5 :"tfl‘éqaa isto
be st or ed @Atk MfoFRERA) NBhriBRe Wwidth POintStoax AMREESE a_éafoogmramy of Reaseider
processor nodul e. 55 35. A system according to Caim33 or” 34, including

bus receive controller neans 55 operatively associated with the
i nqueue neans and t bus recgi ve tabl g‘gmeans for storin recei ved

t h
data in the nehbry omeHSEFEREFGHR 26, SRELD Said DR étag%ogjgfs ﬁ%‘&?\esn‘ﬁu e
count and saddiE&s ofAidSpiutafity BE cRikmelseCei ve table entry wi thout

interrupting the program currently executing in the receiving
processor nodul e. 60 36. A systemaccording to Caim 35, wherein the bus
receive controller means update 60 . the bus receitvs?\eg@bl e nmeans after

the receipt of each packet by the receineris preoreiagamen hrodul e and

provi de a programinterrupt when the bus receive table nmeans indicate an
entire data bl ock has been received. gf{?gﬁﬂ tem according to
Claim35 or 36, wherein the bus recei vB®&ntrol 'er means al so 65 provide a
bus receive conpletion interrupt to the receiver processor nodule in

response 65 59 1 588 803
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5 receive packets over each interprocessor bus.

5 39. A system according to any one of Cains 35 Hm ml‘Lm a
bus receive table in each processor nodule for dire ! ta
to a specified location in nmenory and wherein the reéeiYer* control

means include mask regi ster means for pré¥i-ding an interlock to
prevent the receipt of additional data over an inE_erpchess,or_ bus until at
| east the bus 28 - r eTbe srstemf AL 2 hewhergisgidmobile station orioritizes reading

10 40, . - YT j P oRiE cRlatcd R t t%o% wherein the
receiver c%'ﬁ%mrdgrc’ &t 8 rreaﬁglrélcﬂnc uggoa cgrrpfé:tl on t?yn e‘% ?%Sp?t ag set by the
bus receive controll er neans. 41. A system according to any one of

Clains 35 to 40, wherein the receiver control means include an

i nterrupt mask %%gi sThe sysies ffiflaianey whessibiaid basetasiontbreadcasispansiig to 15
each interpr S a i wisKeath! ] ) I rrupts for
t hat bus <A i x‘i@n&?ﬁ%nt Egre%géfk&g?rf i's on. b%&%%}&@s%&ﬁﬁccordi ng
to any one of Clainms 27 to 41, wherein the central processing uni t

control nenory in each grocessor nodul e incluydes a send controller which
causes the 30vi cr Spe bawessation of elpim Sevhergin sd decasipn dnigrmation inaludes act

with the o > : e i sor control neans to read a
data bl ockﬁ%ﬁgﬁe“frﬁ&c,ﬁmﬁ gs té%vf@%%%ﬂ%%%%bk up 20 i nto packets,
to calculate and to append a packet check sumon the data words in each
packet, and to fill the packet into the outqueue for transm ssion one
packet at a ti rfd.ovekhe base station of elaim 30e Whereimsaid base statiomBurthar syst em
according to any one of Clainms 35 to 42, wherein the bus receive 25
controll ercm?%s'i n the receiving processor nodul e take a received data
packet froman 25 means for@#8steng Eiinfels SHiEHif sdiBQubkat.a i nto a menory
buffer, and verify the packet check sum 44, A system according to
any one of Clainms 35 to 43, wherein the bus receive table means in the

recei ver processor e operatiyvel) ciate.with.the Leceiye
m cr Io\|c/)r ogrpam éns ?ﬁg%é%ﬁs%ﬂmf‘e"’ﬁ/ﬁ&%bgiﬁ@ée‘? ﬁatl@nl%qal}%é{lggfgat&@ in Y‘é‘g‘?&aem
accor di ng freqRAYy 8AHEL SdidiafteadbodPofiid Wb IcRadRE BiwsShd RRMLVE table 30

means and bus receive controller neans permt interleaved assenbly of data
bl ocks of packets froma plurality of sender processor nodul es and

error checki ng transparent,ly. t ., the process executing.in the receiving
processor nodul’e. e me&tg?{j (KO%I%IE &m g@ﬁ‘%i’bfah‘g?%csé%fhy‘f%‘gatw ‘&Fgﬁdﬁ%aﬂ to
45, error sheekefRdidh points tBRUEIDRE FASsaid Sdinnélgt @ on each interprocessor bus

is transmtted and received correctly. 35 47. A system
according to Cl aim46, wherein the error check neans include the

addition of a eck d _caont ai ni,n chegksum of. .t he data words as the | ast
word in each %Q p;\@ﬁ%fneﬁbqﬁa?;g?lf"g’}?ngpuéﬁﬁg%?p'ﬂgﬂ%g}e sﬁ?%ﬂg‘)er. 48.
A system accordi ng t grdetifl ®hénheld Wathiiiaid sibseiendi ng. processor nodul e

controller 40 neans for generating the checksumand a receiving processor
nodul e controller neans for 40 conparing the checksumto verify the

integrity of t tr m SSi oNn. . .49 . A syst according.to .Clai.m46, 47
or 48, wherei n e of PP steima oS g AR LieRRh R BB or
the data bir@fifenéyP oh WHEIR sdill Migithl RBFHET cHafind) @an e Fbund. 50. A system
according to any one of Clains 27 to 49, wherein a data bl ock sent over an
45 interprocessor bus in one or nore packets is always preceded by a
control packet _and i 45 . . al ways_ .f oLl owed .by trailer_packet.

51. A system aggor di ﬁ_ﬁe F@S’%Féﬁ%"%??’?@% r(l‘gi’nv\‘l’\%ﬁméﬁﬁtlpﬁﬁloﬂdegg’fmi_“&@nti fies
t he messadgfcludes a pRfnidiéH WRICR poiityvidTl Glibaba sdié chahneR. r ecei ved in the

nmessage. 52. A system according to Claim50 or 51, wherein the
trail er packet neans indicate 50 whether or not there is an error during

t he data transm.ssi and, al R QW for . _recaogni zi ng
when too |ittl (? 7Or ?EBC W@ﬁeggittlg’aﬁgscgﬁﬁleg%%g%g r%gi[dtrgg&e station ?'gg%rA system

accor di ng dompgs:one of Cains 27 to 52, including power failure warning
signal nmeans for supplying a power failure warning signal to the inqueue
means so that, at  meanfolor prioméizingra prarchploricaid digital epairplaghiaonel kasedaded
'Slntgﬁalt he 1 ouer s AERNR Nk othier SEcHaRRES RithiP sai SuflePOVer fail aregnernmng
A system according to any preceding C ai wherein the interprocessor

cont r ol nmeans of each processor %ag%éhq ﬁ%ﬂﬁwqrﬁgﬁhéehrranged so t hat
there are no transient effects on an DB egggagﬁsor bus during the
poweri ng down of the processor nodul epgdaer i’ C ¥ processor nodul e
~may be powered down for on-line maintenanceand additional processor 60
‘"rfodu! es can be added to the nultiprocessor system w thout stopping the

S e . o Y



56. A systemaccording to Claimb55, wherein the bus recéive table neans

contain a separate entry correspondi ng to each

whi ch specifies both the buffer addr ess where |mﬂmﬂﬂﬂ)mmwm a
particul ar processor nodule is to be stored and the * Cnukbet of data
wor ds expect ed. 5 57. A system aggor ding to any preceding claim
wherei n each processor nodul e 5 " * 7 ncludes input/output channel
means for connecting.the pr.ocessor dule_to,a devi. .. controller
to control the t%anst'éf B ‘%a%‘%?a@&{“t%eWﬁ‘?%?é’bé@@ﬁ%&ﬁ!*%f%waﬂan _

per i pheral inclydes a frecﬁx@ﬂéf@n which said dégim@%on&ol%ﬁﬁéﬁéﬁ%@rﬂh ) to daim57,
including a plurality of" peripheral devices, a 10 plurality of device
controllers for controlling the transfer of data between the processor 10

nodul es and the, peri pheral  devi.ces, a plurality of ports in each device
controll er, andggg' e methgfg%gﬁx@y '6ofw}f°ﬁﬁﬂtsf‘)édf’ﬁacf{gmb‘ﬂ 8%%‘3%“%?93 each

devi ce conpiidef WiEh PEHRSfo £¥uBsel b salichints, di fferent processor
nodul es. 59. A system according to Caim58, wherein a second

i nt er processor bus and second 15 bus controller means are operatively
associated wth each_jnterprocessor control nmeans . to, 15 provi de
in combination ¥ th tHE WIB@?BF&%‘H&&?&G’W&O%E@ thFrﬁqui‘gFe separ at e
paths for . CPRORAKINGG, GARN T LRPdipRAdoldbEEnatinbIbRAE ipBh qCCSSOr
nodul e so that in the event "of a al lure of one pa ny processor
nodul e canpedetetmmediordércaft channell veithin deidi subsetont r ol | er over

anot her pat h. 20 60. A system according to Caimb58 or 59, including

interface commn | ogic neans 20 operatively associated with each
device control lgr toy I L deyi .

controller is |odgi caﬁ@%ﬁ%gﬁggﬂﬁogf ﬁ@%ﬁ&é@ﬁ%&%ﬁ{&ﬁgﬂﬁ%@%ﬁm é“‘i‘?‘#?é.a

61. A syst fisqusncyiodi wigich gaidl diginaladntrdP chammebéan beurdi Nng stress responsive
buf f er neans in each device controller for permtting data to be
transmtted over each input/output bus 25 between a port and an

i nput/ out put channel B‘%éi a:.Series: of t.Sy4: 25
62. A system ag%g'rdi ﬁ\gﬁ tg 0 tglr %‘%ﬁéhﬁﬁl@gﬁ’g%ﬁjau%le@i-tﬁ%fﬁf;recgﬁ%ne#(Wd\?aryi ng
t he stressdigital sdntroh chartief tomprisiagnhesieps efjuest is nade to the input/output

channel neans. .. ...63. A system accordi ng to any of of Clains 58 to
62, including input/ienpfsingafialdm a time slot of ghanngbwhichhawither aCRWELY f or

devi o o . .3 d
wher oi n_ eal ISR SR, dctnitl ioR hiiher SRR dTIE R Jugieal 2B ERRBEL 1 or
the 30 or a digitahuoired] ohbnil} espéqively;transferred in an input/output data

transfer. 64. A _system according to Claim63, wherein the
i nput / out put cont r ol detgENiRIREWhEBST s3id field has check §itamdiich sretinkemeshislativeo

protect that r.o faldh el feyi ce controller or

i nput / out p@tcﬁg‘?’m{o a?fghﬁal t@éhk%gsys;{’em according to Claim63 or 64,

i ncl udi ng anot her coglyargdtetififg isaidudhaatididta dighal control chang@Nifrs@id &bk ®its

| ocated in each processor nodul e and operatively associated with the sane

devi ce comtfedny#ieds gthanyisergharaciarizifgesad chanmehabe digigh taffiruchandeles not
cause the loss of the device controller to the system

66. A system according to any one of Clainms 58 to 65, wherein the
interprocessor43 . 4R meatrfor bmaﬁsdagtﬁigil‘m (REMR Einnels QA8 LR ital Wahiropper at e
in synchronismw th different clacks 0 and the input/out put
channel nedid8nelpepmpasiag the Py 0§peed which is also different from

at their tocal o oRoaBERErERC Bl R A SR Bt b G, ot

the syst enCDYOT fieRidi dhid i gRAonwol Bhannels inclulindCEFF figldsh the processor

nodul e by neans of an interlocked handshake on the i nput / out put
bus. including, in said CDVCC fields, first check bits;

45 67. . C i e i s, 58 to 66,
including multiple ﬁ%’?ac?ééﬁgﬂ s &%pﬁﬁgﬁ%éﬂog@ﬁhgék glﬁgraé‘tdi vel y associ at ed

with each device conivhefelesaill drspantesecosy ek bis\dre tverted relativé @Nbad! | er,
and connecting neans for powering a device controller fromthe remaining

associated“ﬁ@“%r supplies in the event of a failure or turn off of another
power supply for 50 that device controller whereby the power supply
operatively associated with a processor 50 nodul e can be powered
down so that on-line maintenance can Bgispgrtherémecémem gheer - of f

condition on that processor nodule while the rest of the nultiprocessor
systemis on-line and functional. § 3 SEP 1948 68. A system
according to Caim67, wherein the coRd&ting nmeans include di ode 55
swi tching neans for providing |ogic power fromthe associ ated power

S - o - o




;cgg?d?gg to Cl aim69,- wherein the power-on circui flrmmlullzmw"m(ulnumrt o

t he processor nodul e or device controller and return it*td operttidn *after
the power is restored and | ogic power is supplied at the proper
specification to it. 71. A system2(ecording to Claim69 or 70,

i ncluding transceiver neans in the processor nodules and device

control |l ers whitdh coAanethpd Hfort distigguishingbetwicer aidigitab tmaffic chanpel argl athe 5
out put of Jih.e transcei ver'.rreansgaélst he processor, nodul e. and devi ce

control | er pigl copyplchangel in 2 B SR0BIE0MRRSIGR t%;}gp%g@'m rather than
| eavi ng the out put O{ecéibﬁng:{rﬂr@é;cGHi\ﬁgra’ fidl83RNS channel W& hé}egee‘ﬂgﬁgaa yer
r ired for p )

drops bel ow the | eve eq orrect operation. System
accor di ng dver @h aiminietfacencl udi ng an enabl e |ine connected to the 10
transceivers at the device controller interfaces and wherein the power-on
circuit coacts with 10 the enable line to keep the transceivers in
the off state until sdigrRnte"ic BASr bbiellicnbilsif shitlfidid arc inveleld felalice § &
state will be maintained by“correct functioning of the lTogic elenents I'n

t he drvdeterndned sealdfedrror correctiéh bifs;sandt em accordi ng to any preceding
claim wherein the nenory. of each processor conpri ses a physical nenory

5
and a menory addr essiOSHAYIg i ehanggl assa d waffici Ghgneg! wr de @ digita) control | i o
four separ, i d ising a user data area, a system
data ar ea,&gﬁnél%%éggﬁeg@’c%ﬁe%Pg’g%g%ﬁa s%istem code area. 74. A
system according to Caim 73, wherein the physical nenory is divided into
nunber ed pages and map nmeans are pr.ovi ded which include four naps
conprising a s$3tem 2Pase§RHOHEPMPHSIBESt em code map, a user data map, and a
user code map - corr i o | [ eas
and wherein an ent ryae?rﬁggﬁlrtﬁgg f%’g?é'gﬁag%%sdlgw%lo%é F():h%g{ggsg%noa&iig{&%éqn\%gen a
| ogi cal papenmels] a physical page. 75. A systemaccording to Claim
74, wherein each map allows access only to the . _ph&_/sj cal nmenory pages
of the program bei ngd BXSEHPE dorainaluding é@é’&%éﬁﬁg ig seid digital traffg chaninglsst em
accordi ng e &ﬁg We@’i 7s§id0<5i iZaﬁ’co Sfalaﬂnél e map neans include reference
25 bix - neans V\)m ¢h gl VEERHCS ogram of’ t he usage of a given | ogical
page over a period ofaid pfessor alsbAndiiding WresahCDVEC flefsi Eiaét dhagiebligs been
used in a recent period of tine and to therefore i ndi cate whet her or
not that given | oci cid peRgessps alsp prgyidiag; inyspdd CSFP fields mecondsgheck diits;
according tg Claim76, wherein the reference bit means conprise 30
reference Bits provided in each map entry to retain the history of use of
the map and 30 whdéreinedaid fibe anéfsecondashedk bithaa@riavartsd retiveds @akl y
updat ed ageing the map entry. 78. A system according to Caim?76 or
77, wher eidOtKE reference bit neans include a - plurality of reference
bits in the map entry for a given page and wherein the map entry is
aged by shifting the content of the bits to give a reference history of the
map entry in 386 .r espansisild Qation @geprisiz:nmap i nstruction.
35 79. A system according to any one of. Clainms 73 to 78, wherein the
map means include  Meansder pecgbige arshdeqodingay heldia #rchanpsl ovhich has bogn h -
menory ITB.IBQ% Lcally mai ntain the reference bit
i nformation cgﬁad;%{:tggsazrg&%h’ade to the nenory by the central
processing unit and 4 peocesspt féroddtgratiningdf ardr ceection Mits iA\ ssidsfietdnase cor di ng
to Caim79, wherein the nmenpory .napager. neans use the 40 fol |l owi ng
i nstruct | dheerted_relagive o 3 prpdstrmipgd Eq%quﬁqgﬁcggre@t}@ Bitsp aBét ry address and
t he data to be | t A i t ed
into a nmap entry, re"g@é‘rgrglpﬁgd BT%CQ%? ?5@‘ h\f/i\ﬁlésc%(fgq%}%?fea% %ﬁgﬁﬁw}agaﬁctéﬂéﬁggdress
as a par anetagra diglaladdn®ne$ cRarimepbasad nipoh Gailieleterminatiead and age map entry,
whi ch causes the reference history field of a map entry to be 45 shifted.
45 81. A systemaccording to C aim80, wherein data transfers to and
from nmenory by ,the i . .channel are nade by way of the system
data map. 4%'82.Aka§%/§?g(tr)ﬁ{ g%%@#’%}."%g to any one of Clains 74 to 81, the
map nmeans al so i ncl uderamymitter fordtdadeastinged digital trafifid chammed anditapdigitdlat ch.

62 . ] 1 588 803
62 cogegol ghagpel u¥RHEEEHAISNg to any one of Cains 74to 82, wherein the
addr essabl e nenory is divided into nunbered pages, each map includes a

separate map entry for each | ogical Thigﬁﬁ\er@fpﬁobﬁﬁbnt eheet t he map, and
each map entry contains a physical page nunper field, a_ party bit
field, a reference history field, a reference @lgstg@?ﬂ field, adirty
bit field, and an Date: )




5 absent bit field.

S 020 O L et al 1y as e mrore g m:mmmﬁtmmnm

reference to t he acconpanyi ng draw ngs.

FORRESTER, KETLEY & CO., 10 Charter ed Patent
Agent s, 10

Forrester House, -21 - 52 Bounds Green Road,
London N11 2EY. ) ) nd .al at 15

Rut | and House, a processor for including a CDVCC field in lsgld (?lgltai tra%?tc citannel

;ﬁg Edrrund S a 'CSFP field in said digital controgchatn L 2 E’r ovi dgln'[ thrJ]iglhgimnSS %D

29 St. Vincent Placeyherein a value of said CDVCC fields remams f2fed from timeslot to

d asgow Gl 2DT. Agents for the Applicants.
SPECI FI CATt@IdNOVhBE80a%ue of Bjd £SHPr Gelds yaries frem ts&%qk?tdﬁ tmesiot. of t he
Patents Act 1949 this application proceeded in the nane of TANDEM
COMPUTERS | NCOPORATED, a Corporation organi sed and exi sting under the |aws

of the State 45, @f mo8li@¥Rtién compiifidag3 Val | co Parkway, Cupertino,
California 95015, United States of America.
means for receiving and decoding a field over a plurality of timeslots in

a channel which has been broadcast over an air interface; and

a processor for determining whether a value of said field varies from

timeslot to timeslot.

49 . A base station comprising:

an encoder for encoding digital traffic channels at a first rate and digital

control channels at a second rate; and

a transmitter for broadcasting said digital traffic channels and digital

control channels.

50. A mobile station comprising:
means for receiving a channel broadcast over an air interface;

means for decoding a received signal and determining a rate at which

said received signal was encoded; and

a processor for identifying said channel as a control channel if said rate
is a first rate and for identifying said channel as a traffic channel if said rate is a

second rate.

51. The mobile station of claim 50, wherein said first rate is 1/4 and said

second rate is 1/2.

This is the replacement sheet




THE PATENT OFFI CE

R

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

Bas 83005/ 3¢

]NTERNA’I'IONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

{51) Intemanonal Patent Classification 6 :

H04J 3/16, H04M 11/00, H04Q 7/00 Al

(11) International Publication Number:

(43) International Publication Date:

WO 95/12936

11 May 1995 (11.05.95)

(21) International Application Number: PCT/US94/12648

(22) International Filing Date: 1 November 1994 (01.11.94)

(30) Priority Data:
08/147,254
08/331,711

1 November 1993 (01.11.93)
31 October 1994 (31.10.94)

us
us

(71) Applicant: TELEFONAKTIEBOLAGET L M ERICSSON
{SE/SE]; 5-126 25 Stockhol SBE). ..
"

o "\
(71)(72) Applicant and.{nvenwn'f HENRY, Ray S/US] 100B
Lakefront Drive, Ralgigh. ;E‘Z‘?S’tﬁ (US)'JU

(72) Inventors: SAWYER, Francois; 1895 Megantic Street, St.-
Hubert, Quebec J3Y 7H7 (CA). RAITH, Alex, K.; Park
Ridge Road. 805-A5, Durham, NC 27713 (US).

(74) Agent: GRUDZIECKI, Ronald, L.. Bums, Doane, Swecker

& Mathis, Washington and Prince Streets, P.O. Box 1404,
Alexandria, VA 22313-1404 (US).

(81) Designated States: AU, BR, CA, CN, FI, JP, KR, NZ,
European patent (AT, BE, CH, DE, DK, ES, FR, GB, GR,
IE, IT, LU, MC, NL, PT, SE).

Published
With international search report.
Before the expiration of the rime limit for amending the
claims and 10 be republished in the event of the receipr of

amendments.

T e e TS
i RER SG ;
-y ~ . : 1 A H M H
“‘ﬁ Preseription cpavaed LA to poaged L9

A )

spaged LD to oaged LB

: f)r‘ ‘\,d

(54) Title: A METHOD AND APPARATUS FOR LOCATING A DIGITAL CONTROL CHANNEL IN A RADIOCOMMUNICATION
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(587) Abstract

C

A method and system for locating control

channels (70), particularly digital control chan-

nels are described. By grouping the channels
which are candidates for camrying supervisory
messages in blocks indicative of their relative

likehood for being used as control channels, a
mobile station can begin its search for a control

channel with channels which are most likely to
actually be control channels. Placing location
information on other channels allows the mobile
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station (120) to be redirected to a control chan-
nel when it reads one of these other channels.
Similarly, by placing information describing the
location of a control channel in a message as-
sociated with handoff, a mobile station avoids
the necessity of having to relocate a new con-
trol channel associated with the base station to
which the mobile has been handed off.
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